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Continued  deposition  taken 

pursuant  to  subpoena  and  notice  at  the  Sanders  Associates , 
Inc.;  Headquarters,  Spit  Brook  Read;  Nashua,  New 
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James  T.  Williams,  Esq., 
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Ster.ctyps  Reporter: 
Ronald  J.  Hayward 


RALPH  BAER 

called  as  a witness,  having  been  previously  sworn,  n^s 
further  examined  and  continued  liis  testimony  as  follows: 

UR.  WEISH:  I'd  like  first 

to  ask  about  the  scheduling  for  next  week.  There 
ss°i)is  to  be  some  cucsiicn  ubcu  l n<— >w  long  — 
depositions  are  going  to  take.  When  do  you  expect 
t hat  to  be  resolved  because  we  have  some  schttdul mg 
of  cur  own  if  there  are  only  going  to  be  two 


davs . 


MR.  WILLIAMS:  I understand 


as  of  right  now,  as  far  as  I can  tell,  they  will 
be  going  through  approximately  one  o'clock  on 
Friday  afternoon.  They  may  not  all  be  with 
Mr*  Bushncll , they  may  be  with  other  representatives 
cf  Atari*  As  you  just  heard  Mr.  Herbert  and  I 
talking,  there  is  some  doubt  as  to  just  what 
will  happen,  but  I think  we  will  have  it  resolved 


promptly • 


MR.  WELSH:  Prcrmtl-  wV: 


today  or  after  we  got  there? 
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int5nti.cn  of  Magnavcx 


iR#  WILLIAMS:  I think  the 
and  Sanders  is  to  cent -nun 


until  one  o’clock  on  Friday  and  you  can  pi  -- 


that. 


mr,  HERBERT:  This  go as  beyond 


your  three-day  week. 


MR.  WILLIAMS:  I rsali; 


^ 0 I.  i »c,  u . 


MR.  HERBERT:  Hew  come  when 


I travel  we  have  a day’s  travel  in  each  direction 
and  we  work  a three-day  week;  and  whan  we  gc  to 
my  territory,  we  work  a four-day  week? 

IIP..  BROIDY:  There  are  mere 
guys  that  get  inconvenienced  when  wa »go  out  to  the 
Wast  Coast  than  when  we  come  hare. 

MR#  WILLIAMS:  We  can  do  it 
in  Chicago , if  you  like;  we  will  be  happy  to. 

We  have  one  preliminary  matter,  last  night 

Mr.  Baer  saw  for  the  first  tine  the  transcript  of 

his  prior  deposition  and  he  has  found  it  to  be 

just  filled  with  errors.  He  tells  me  that  practical^ 

every  sentence  or  every  line  has  at  least  a few 

errors  in  it  and  we  expect  that  ha  will  have  to 

make  some  rather  massive  corrections  to  the  transcr: v 


a 


just  to  mM  it  confer.  to  chat  occurred  at  » 

deposition;  and  w.  J«t  »nt  to  lot  you  W®-'  «** 

i t have  not  looked, 

that  is  going  to  have  to  happen. 

at  the  transcript  myself,  I am  speaking  fro.  - 

Ur*  Baer  * s representations  uC  me  « 

HR.  WELSH:  I haven* t gone 

ever  it  in  detail,  I did  notice  a few  pages  right 
at  the  end  of  the  last  session  and  I similarly 
found  a considerable  number  of  errors.  I guess 
the  only  thing  we  can  do  is  follow  the  normal 
procedure  for  the  witness  to  note  the  corrections 
which  he  thinks  ought  to  be  made.  If  we  agree  tc 
them,  they  can  be  made.  If  we  don’t,  than  tee 
reporter  will  file  it  as  transcribed. 

HR.  WILLIAMS:  Well,  I think 
we  will  have  to  just  follow  the  rules,  but  I just 
wanted  to  let  you  knew  that  we  do  sea  soma  problems 
with  the  transcript. 

MR.  HERBERT:  Do  you  have 
soma  idea  of  the  nature  of  these  errors,  are  they 
in  form  or  substance? 


THE  WITWE3S:  Yes,  I believe 


the  court  reporter  is  having  trouble,  in  following 


G 


my  diction.  In  many  cases  punc.uat.cn 

which  is  necessary  to  clarify  i-.ie 

sentence  and  it  makes  the  sentence  virtually 

unintelligible  «L  tc  the  omission  of  punctuation. 

In  many  cases,  technical  words  are  misspelled  and 
in  quita  a number  of  cases  I was  simply  misunder s _ 
and  words  which  sound  like  the  word  I used  are  shown. 
Looking  at  them  in  the  context,  they  ara  obviously 
wrong  and  I an  confident  that  I can  correct  them  so 
that  the  record  will  be  essentially  that  which  really 
transpired  in  this  room*  I will  say } though,  that 
I spent  four  and  a half  hours  last  night  reading 
the  stuff  and  I wouldn’t  have  spent  that much  tine 
had  I not  been  as  appalled  as  I was  by  the  difficulty 
evidently  I am  having  getting  recorded  accurately 
and  it  is  going  to  take  me  at  leapt  six  to  eight 
hours  of  working  time  to  correct  all  these  pages 
and  hopefully  from  hare  on  forward  we  can  arrange 
things  such  that  I don’t  always  have  to  go  through 
the  record  of  today’s  deposition  ar.d  tomorrow’s 
and  spend  another  two  cr  three  hours  on  these  also 
sometime  in  the  future. 


MR*  WELSH:  Mr.  Reporter,  is 


Ji 
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it  aver  a practice  of  your  office  to  use  magnetic 

tapes  as  a backup  in  technical  depcsaticns? 

MR.  WILLIAMS:  Off  the  record 

(Discussion  off  the  record.) 


RALPH  H.  BAER 

called  as  a witness,  having  been  previously  sworn,  war; 

further  examined  and  continued  his  testimony  as  follGWo. 

0*  Mr.  Baer,  yesterday  in  discussing  your  earlier 

work  with  the  bread  board,  I believe  you  stated 
that  ycu  worked  with  a TV  set  that  was  already  in 
the  Sanders  facility,  is  that  correct? 

a . That  is  correct. 

Would  you  identify  that  TV  set,  please? 
j am  afraid  I can't  identify  it  anv  ncro  except  tc 
say  that  it  was  s.  black-and-vrhite  TV  set,  a small 
portable  which  happened  to  be  in  the  lab  at  the 
time,  as  I said  earlier. 

. You  do  not  remember  the  brand  name  of  the  set? 

. No,  I don’t.  I am  sorry,  I don’t. 

. Do  ycu  remember  whether  it  was  a V , or  foreign 


I do  not. 
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Do  you  know  for  wbat  purpose  it  happened  to  bo  .n 


the  lab? 

No,  I don't  know  that  either. 

Do  you  recall  the  size  of  the  screen? 

Me,  I don't. 

You  also  stated  that  for  the  TV  .game  project  '/cu 
acquired  a cclor  TV  set? 

Yer,  we  did* 

no  ycu.  recall  what  make  that  was? 

Yes,  we  still  have  the  set  in  cn=  cf  cur  lahs, 
it  is  an  RCA  set.  A console  model,  roughly  17  inch 
When  did  you  acquire  that? 

Senetime  during  the  early  period  o'"  th ? c’t:  .a 
work  which  we  began  to  read  art:.  "z  y*- sterna  y* 
Because  there  was  no  color  set  available  within 
Sanders,  we  ?iad  to  go  outside  and  buy  one. 
v;hc  did  you  gat  the  bl&ck-and-v/hite  set  from? 

I don't  recall;  as  I said,  it  was  a sat  that  was 
sitting  around  the  lab  for  or.e  reason  cr  another. 
What  was  the  model  number  of  the  RCA  color  set? 

I would  have  to  look  that  up  unless  it  happens  to 
be  in  some  cf  the  documents  hero;  I den  ’a  knew 
that  from  memory. 


me del  number  at 

seme  time  when  1 

give  that  tc  us 

during  the  next 

A. 

Yes,  I can  have 

that  number  for 

We  will  read  it 

off  the  chassis 

# 

O' 

Did  anyone  else 

work  with  ycu  i: 

fc  lac  k-ar.d  - wh  its 

sot? 

A* 

Yes,  initially 

\v  • Solomon  work 

Q. 

And  did  anybody 

else  work  with 

b 1 ac  2 : - and -white 

sat? 

A 

1 A ft 

I don’t  recall 

the  t , no . 

Q. 

One a ycu  acquir 

ed  the  color  set 

thereafter  done 

using  that  sot 

✓*,  -f7  -*-V  - 

w - ^ — 


continue  tc  use  the  black-and-white  set? 

I car. f t remember  that,  i'r.  Welsh.  I car  add  tc 
that  just  briefly  that  in  addition  tc  the  color 
set,  w3  alsc  used  a black-and-white  set,  a uortable 
set  for  demonstrations  on  various  occasion^. 

Only  for  demo net rations? 

And  for  lab  work.  In  fact,  that  black-and-white  5 . 


A 
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two  black-and-white  sets  were  used,  one  cf  which 
still  is  located  in the  sane  room  as  the  color  se^ 
and  the  other  black-and-white  set  is  a personal 
G.  E.  portable  that  belongs  to  me  that  is  in  my 
kitchen* 

Would  you  also  check  the  model  number  of  that? 

The  model  number  for  the  G.  E*  set  will  have  to  wait 
until  I get  home  tonight* 

Were  any  other  television  sets  used?  That  is, 
other  than  the  two  black-and-white  sets  and  the 
EGA  color  set  that  you  mentioned? 

Yes,  the  set  which  I have  been  unable  to  identify 
came  from  the  lab. 

I meant  other  than  - - - 
Other  than  these  four? 

There  were  four? 

We  just  named  four.  The-  first  black-and-white 
set  in  the  lab  and  the  color  set  and  the  two  small 
portable  black-and-white  sets. 

I didn’t  understand  there  were  two  small  portables. 
Yes,  a small,  1 believe,  RCA  black-and-white  sat 
that  is  still  in  the  lab  cc-lecated  with  the  color 
set  which  I am  going  tc  look  up  today  during  the 


„ r T ocrtable  which  belongs  to 

lur.ch  hour  and  the  G . t.  por-cau 

. its  £„  mv  kitchen.  Two  small 
me  personally  and  oj-us  _xi 

bla=k-*bd-whit.  sets,  ot.  color  ..t  and  on.  blaeK-ard- 
»Mt«  set  back  In  or  '67  stfiioh  I *»  unable  to 

identify  as  to  model  or  size. 

Will  you  also  give  us  the  identification  of  tna 
RCA  portable  black-and-white  set? 

Yes , I will. 

Did  you  use  any  sets  ether  than  the  four  that  you 
have  now  mentioned? 

I don ' t recall,  we  probably  did. 

Where  would  these  have  been  located? 

In  the  same  labs,  in  Canal  Street. 

Was  it  common  to  have  TV  sets  sitting  around  the 
lab  or  used  in  the  lab? 

No,  I don't  suppose  it  was  and  I really  don't 
know  why  they  were  there;  all  I knew  is  that  they 
were  brought  in  by  technicians  in  the  hope  that 
some  other  technician  might  fix  them  and  they  sat 
around  for  years. 

Were  these  various  sets  and  your  use  of  t^sm  in 
connection  with  the  development  of  TV  games  modified 
in  any  manner? 


1? 


Q. 

A « 
Q. 


A. 


Q. 

A. 

Q. 

A. 


Yes,  at  various  times  we  reached  into  the  first 
video  amplifier  cf  the  color  TV  set  and  applied 
video  signals  directly  through  it  rather  than  going 
through  the  antenna  terminals  via  carrier,  but 
outside  of  that  we  made  no  modifications  to  the 
sets  • 

did  you  make  that  modification  in  connection  with 
all  of  the  sets? 

do,  only  in  connection  with  the  color  set. 

Now,  you  stated  that  the  only  modification  was 
to  apply  the  video  signals  directly.  Did  you  ev^r 
disable  the  RF  stages  so  that  the  set  could  operate 
as  a television  receiver? 

Yes,  when  I said  that  we  entered  the  first  video 
directly,  that  implied  that  we  disconnected  the 
second  detector  or  some  parts  cf  the  second  detect :r 
which  by  definition  disables  anything  that  gees 
before  it;  namely,  the  IF,  the  tuner. 

Did  370U  subsequently  reconnect  the  second  detector? 
Yes . 

Did  you  just  make  that  modification  once  cr  did 
you  do  it  frequently? 

I don’t  recall,  hr.  Welsh. 
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Could  you  have  applied  the  video  signal  directly 
without  disconnecting  the  second  detector? 

No , normally  you  cannot  do  that  because  detector 

being  a detector  rectifier  would  load  the  incoming 
video  signal  and  distort  it* 

How  was  it  determined  that  Hr*  Harrison  would  be 
assigned  to  work  on  the  TV  game  project? 

Nell,  to  the  best  of  my  recollection,  he  was  an 
available  senior  technician  at  the  time  and  he  got 
assigned  to  the  job. 

Who  made  the  assignment? 

Again  I can  only  guess,  but  it  would  have  been 
proper  for  me  at  the  time  to  have  gone  to  the 
department  manager  for  electronic  design  and  have 
asked  him  to  have  someone  within  his  department 
assigned  to  the  job. 

You  don’t  remember  what  actually  happened? 

No i I do  net. 

Now,  were  there  any  documents  shewing  the 
modification  to  the  color  TV  set  that  you  just 
discussed? 

I don’t  recall  unless  we  come  across  them  in  the 


paoers  before  us* 


Now,  you  stated  you  probably  went  to  the  department 
manager  of  electronic  design  and  requested  someone, 
did  you  have  specific  authorization  to  do  that? 

I was  the  division  manager  and  I had  discretionary 
authority  tc  assign  people  tc  overhead  assignments, 
which  this  was  in  ths  beginning. 

Now,  was  this  in  conjunction  with  the  request 
indicated  in  Exhibit  3-2  5 in  December  of  1966? 

I would  have  to  guess  again,  but  since  that  date 
precedes  Ilarrison*  s coming  on  stream  by  quite  a 
few  months,  I must 'have  been  funded  at  the  time  that 
he  came  cn,  so  ha  would  have  actually  been  assigned 
to  a job  run  under  an  I R % D task  number.  Either 
the  number  on  this  document,  NDB,  cr  a subsequent 
task  number.  Ue  shaild  be  able  tc  tell  from 
looking  at  his  papars. 

Which  papers  do  you  mean? 

His  lab  notes  which  we  were  looking  at  last  ni^ht. 
Exhibit  23? 

Exbhibit  23. 

Could  you  look  at  these  and  see  if  there  is  anythin^ 
there  that  would  help  you  answer  the  question? 


Yes.  Yes,  the  first  indication  of  the  task 


iie  \ 'a  s 


I found  cn  Exhibit  23-43  of  NFGAA, 


are 


the  letters 


NFG  the  significant  letters  tc 


identify  the 


task? 


Q. 


A. 


0. 


A. 

0. 


A. 


Yes,  they  arc* 

Do  veu  know  what  the  AA  part  means? 

Well,  I den’t  recall  he w the  system  functioned 
ten  years  ago*  At  present,  the  fourth  letter  is 
significant  also  tc  the  I R £ D office  and  it  is 
only  the  fifth  letter,  but  I don’t  remember  just 
how  it  worked  ten  years  ago  cr  nine  years  ago* 
hew,  the  documents  thus  far  considered  including 
Exhibit  16  and  your  testimony  yesterday  indicates 
that  there  was  nc  work  done  cn  the  television  game 
project  between,  I believe,  the  11th  February 
ard  the  first  part  of  May,  is  that  correct,  of 
’67? 

That  is  correct , page  9 . 

And  that  is  consistent  with  ycur  note  mad=  tv*  ~ 

£ ^ - 

of  Exhibit  16? 

Yes,  sir. 

What  was  the  reason  that  no  work  was  dene  cn  the 
TV  game  project  during  that  oer^’od? 

I don’t  recall,  "r*  Welsh*  Probably  unav? -\lav  * 1-*-*- 
cf  time,  since  up  tc  this  point  it  was  a ride  — n 

t **  s- 


and  carried  on  after  hours. 


\ ,7  V.  e»  “n 


T-ork  was  r 


1 a sun  e d,  a t a car.  ic i .n  vra  s 


tc  it  | wh:.t  lad  tc  rh:  decision  to  r : :u.n  the 
work? 

I believe  I answer  ad  that  ones  before,  dr.  belsh, 
by  telling  ycu  that  we  thought  the  concept  deserved 


iil-vl.  :i  Cl 


t Lent^on  t h< i * par*.— time  attention  after  hours 


1 a way  lo  do  c : ic.t  vjas  tc  ass people  under 
controlled  conditions  by  providing  funding  and  a 
task  number . 

wall,  dad  anything  particular  happen  during  that 
period  to  give  rise  to  the  resumption? 

Nothing  that  I recall. 

You  just  decided  one  day  that  you  ought  to  pick 
up  the  project  again? 

No,  I would  imagine  that  I was  chafing  at  the  bit 
tc  get  the  operation  underway  and  for  one  reason 
or-  another  was  unable  to  do  anything  for  a period 


of  a coupls  cf  months ♦ I can’t  reconstrv 


uc  c my 


thought  process  because  there  aren’t  any  dccunerk 
at  this  late  date. 

Wow,  we  dirt  find  document  9-43  yesterday  t V t w 


prepared  by  hr.  Harrison  and  d 


cat  ad  f abruar y ] q.  1 " r 7 

* » 
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and  you  indicated  ycu  were,  surprised  thrt  where 
sued  a document  because  of  the  lee]",  ef  activity 
on  the  TV  gone  project  at  thit  tin'  • during  the 
break  since  yesterday,  have  you  had  ocean* sn  to 
reflect  upon  this  particular  docunent? 

Yes,  we  took  a lock  at  the  document  and  it  appears 
as  though  that  rt>  date  should  have  bit n 2-1G-&8 
because  it  represents  the  physical  layout  of  a niece 
of  work  that  uas  done./^s  ycu  will  see  by  reference 
to  some  cf  the  schematics  and  block  diagrams  here 
in  Mr#  Harrison’s  nctss  it  was  done  in  *68  and  net 
*G7.  I think  it  was  just  a slip  of  the  pen  and 

vA  I^C. 

vary  clearly  idantif  iW  the  circuit  fren  the  layout 


ll 


sor-ething  that  simply  didn*t  exist  in  Februar 


r '■  cf 


*67. 


When  Hr#  Harrison  was  assigned  to  the  TV  -ana 
project,  where  did  ha  work  - strike  that.  D*d  v 
work  on  the  project  full  time? 


Yes,  he  did. 

There  did  he  work  in  relation  t 


c your  office? 


Te  sot  a special  room  aside  directly  eptea- *-t. 
elevator  cn  the  fifth  floor  of  the  Canal  Street 


building  which  was  within  a SC^foof  ran 


s-  vjP  SO 


from  my  office,  tv-c  same  floor, 

you  work  with  Mr,  Harrison  v?hile  he  was  assi< 
to  the  project? 

Yes,  I did , 

Could  you  describe  how  ycu  worked  with  him? 

In  general  I would  join  him  in  the  room  as  many 
tines  for  as  Ion?  a period  during  the  day  as  I 
could  get  away  from  my  primary-  duties.  Kr.  Harr 
worked  strictly  by  assignment.  I would  determin 
vha-c  was  to  be  dene  next  and  he  would  attempt  tc 
execute  hardware  designs  and  fabricate  bread  bca 
in  accordance  with  my  requests. 

Did  you  consult  with  him  every  day? 

Yes. 


Over  approximately  what  period  of  time? 

Several  years. 

Starting  in  May  of  1967,  you  consulted  with  him 
every  day  ever  a period  of  several  years? 

Yes,  sir. 

Did  you  consult  with  him  every  da-  with  re3^nr 
the  TV  gome  development? 

Yes,  as  long  as  he  was  on  the  job  under  my 


supervision 
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IIow  long  was  that? 

Well,  we  would  have  to  go  back  to  the  records  to 
refresh  my  memory.  It  was  certainly  at  least 
a year  cr  a year  and  a half  startin'?  with  the  per  red 
in  May  of  19  6 7 and  then  at  various  times  throughout 
the  years  for  months  at  a time* 

He  would  be  reassigned  to  the  project? 

Yes,  I would  reouest  that  he  be  reassigned  and  he 
would  be  reassigned* 

You  stated  you  consulted  with  him  every  day  for 
several  years,  did  you  mean  every  day  that  he  was 
assigned  to  work  on  the  TV  game  project? 

Yes,  I did* 

So  there  were  periods  during  the  several  years 
when  he  was  not  on  the  TV  game  project? 

That  is  correct. 

So  during  these  times,  you  did  net  consult  with 
him? 

That  is  what  I intended  to 


I am  sorry,  I understood  from  your  an 


Rwsr  to  me 


that  you  continued  ycur  consultation . During  the 


periods  cr  during  the  first  period 


of  a year  to  a 


year  and  a half  after  May,  19C7,  when  hr  <-a.s  ^ 


?1 


A. 


0 


A* 


Q 


A. 


Q« 


A. 

Q. 

A. 


on  the  TV  gam©  project,  did  you  consult  wi--h  Air 
everv  dav? 


Yes,  I did. 

How  frequently  during  each  day  did  you  consult 
with  him? 


Quite  a number  of  times,  it  varied  from  day  tc 
dev  depending  on  tine  availability. 

Could  vcu  approximate  the  average  number  cf  times, 
say,  for  the  first  month? 

I don’t  recall,  but  if  I were  to  guess  at  it, 

I’d  say  a minimum  cf  an  hour  a day,  sometimes 
mere,  sometimes  considerably  more  depending  on  how 
much  troubla  we  were  in  circuit-wise  because  I 
participated  in  the  troubleshooting  and  the  design. 
Do  I understand  correctly  your  normal  procedure 
would  be  tc  assign  tasks  tc  Hr.  Ilarriscn  and  he 

wculd  execute  diem? 


That  is  right. 

Hid  you  ever  deviate  from  that  procedure? 

I don’t  recall,  but  it  certainly  is  conceivable 
and  it  undoubtedly  happened  that  Kr . Harrison 
said  in  effect,  lat's  do  this  or  lit's  dc  th:t 
and  we  proceeded  accordingly. 


Q< 


Did  ycu  keep  any  notes  after  Hr.  Harrison  began 


tc  wc 

rk 

cr.  th 

,e  TV  gane  project? 

Yes, 

we 

will 

undoubtedly 

find  quite 

here 

as 

we  go 

along  that 

cever  the 

Q. 

A. 

Q* 


Q. 

A. 

Q. 

A. 


ane  period  cf 

t uu  c • 

Uid  you  ksep  notes  cn  a daily  basis? 

.'.o,  only  as  requirements  arose.,  I put  something  down 
on  paper  such  as  a schematic  or  an  idea. 

Yesterday  we  were  discussing  policy  at  Sanders  with 
respect  tc  keeping  notebooks  at  the  time  that 

Kr*  Harris°n  rotd*  the  entries  in  Exhibit  16  and 
hr.  Williams  this  morning  called  cur  attention  to 

& ****  °f  this  nCtebcok  preceding  the  pages  where 
entries  are  made  and  containing  a list  of  instruction 

( Whereupon,  a recess 
was  taker..) 

(3y  Hr.  Welsh)  Do  you  recall  e,  ■ 

y u recall  seeing  these 

instructions  back  in  19C7,  Mr 
I do  net  recall 

seeing  them. 

iou  have  signed  Exh~  h-i-  ip  ^ 

-*■  16  cn  luany  of  th'--  a- 

have  you  net? 

Yes,  I have* 
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And  made  entries  in  it  yourself? 

Yes,  I did. 

Did  you  have  occasion  to  read  these  instructions 
today? 

I glanced  at  them. 

Do  they  accurately  reflect  the  policy  of  keeping 
record  books  at  Sanders  in  1967  as  you  recall  that 
policy? 

MR.  WILLIAMS:  I object  tc  the 
question  as  being  vague.  Whose  policy  are  vou 
referring  to? 

MR.  WELSH:  The  policy  of 
Sanders  with  respect  to  keeping  records. 

MR.  WILLIAMS : The  question 
is  without  foundation  also. 

j'iR.  WELSH:  I think  he  testified 

yesterday  that  he  recalled  a policy. 

THE  WITNESS:  I did  say  that, 
r • Welsh,  but  I certainly  do  not  remember  reading 
a specix ic  policy  that  far  back.  When  I sa^’d 

policy,  I intended  - I should  have  used  the  word 

practice • 

Was  there  a policy? 
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There  may  have  bean,  obviously  we  have  not  been 
able  tc  find  it  looking  this  morning,  the  record  o» 
a policy  - written  corporate  policy  - prior  tc 
1971.  There  might  have  been  one,  I don’t  recall, 
but  it  certainly  was  the  practice  to  use  engineering 
notebooks  and  enter  as  much  data  as  possible  and 
date  the  pages  and  get  them  countersigned,  which 
we  attempted  tc  practice,  although  we  obviously 
didn’t  always  do  it. 

Were  any  personnel  of  Sanders  instructed  tc  follow 
that  practice? 

I would  say  that  a new  employee  when  he  was  handed 
an  engineering  notebook  for  the  vary  first  tine 
would  have  been  given  some  verbal  instructions  as 
to  what  he  was  to  put  into  that  book* 

Would  that  have  been  a policy? 

Again  it  might  have  been  as  a result  of  written 
policy,  but  certainly  as  a result  cf  practice. 

A good  normal  business  practice,  a lab  practice. 
What  dc  you  mean  or  what  docs  the  word  ” policy” 
mean  to  vou? 


The  word  ’’policy”  means  a document  expressed  with i: 
the  company  by  someone  in  authority  outlining  a 
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procedure  for  taking  certain  steps,  an  this  c&sa, 
the.  procedure  for  maintaining  notes  in  an 
engineering  notebook. 

But  sc  far  as  you  are  concerned,  it  had  to  be 
a written  statement? 

When  I say  policy,  I believe  I mean  written  policy 
which  would  have  to  be  part  of  the  corporate 
standards  policy  handbook  that  is  issued  to  most 
supervisors  in  this  company* 

And  what  does  practice  mean  to  you? 

It  means  the  standard  of  record-keeping  or 
behavior , whatever*  was  established  within  a group 
or  an  organization  within  the  company. 

Whether  or  not  written? 

Whether  or  not  the,y  were  written. 

Is  Exhibit  16  an  official  notebook  o^  Sanders? 

Yes,  it  is. 

Are  the  instructions  that  appear  in  this  notebook 
then,  a statement  of  policy  of  the  company? 

I can’t  answer  that  again  because  we  haven’t  beer 
able  to  find  a reference  to  a police  nr i or  to 
1971. 

But  this  bool^:  was  in  existence  lcr7  , ir„  -*o_  ^ A 


O r' 


nat  ir  c:^r:ct« 


And  th 


K"  J - - 1 J 


orrlr-’;  .•  instructions? 


* V\.-  n V-  C-  - 


'ucticns . 


Are  they  printed? 

Ye r,  they  are. 

Do  t.ay  net  then  constitute  a stater.ient  of  policy 
of  o an  dor  5 at  that  tine*  1367,  with  respect  to 
keeping  record  Locks? 

HR.  WILLIAMS:  I object,  the 
witness  has  already  said  he  doesn’t  know, 

THE  WITNESS:  Furthermore, 

trat  not®  in  the  r‘otebook  tc  which  v;a  were,  referring 
was  1£SUcd  by  th£  El  iCtrenic  Countermeasures 
Division  for  use  by  their  engineers  and  it  is  cr.iy 
incidental  that  we  get  ahold  of  a 

and  had  Harrison  use  it.  So  the  instructions  of 

a division  manager  in  another  division  to  our 

division  doesn't  have  anything  tc  do  with  Uo  . 

they  might  have  reflected  ccrr.en  sense  o— ^ 

^ ° ° P-  jceaure 

for  keeping  notes. 

Go  it  was  unusual  for  your  division  to  have  tf  -■  „ 
ti’pe  of  Sanders  net  check? 


Yes  * it  was. 


Were  other  notebooks  of  Sanders  used  an  ycur 
division? 

Yes,  we  have  a standard  for  mat  of  whack  s 
are.  present  in  this  room . 

Is  Exhibit  17  an  example  of  that  format? 

Yes,  it  is* 

Why  wa s a notebook  of  the  Llt.c  ur'Cn^-C  o vj un l. ^r  j».. r.a o nr  ^ 
group  used  in  place  of  one  like  Exhibit  17? 

I really  don ’ t remember,  I would  have  to  guess, 

Mr.  Welsh. 

If  it  were  an  unusual  practice,  that  wculdn f t 
help you  remember,  would  it? 

VJell,  I would  say  in  that  context  that  the 
TV  game  job  was  an  unusual  job  in  the  context  of 
the  everyday  work*  Again  I am  strictly  guessing, 
but  I would  have  to  ask  Mr.  Harrison,  but  he 
nicked  this  book  up  and  I think  ha  close  it  because 
it  is  a hard  bound  book  and  because  of  the 
special  nature  of  the  job  and  ha  figured  he  would 
put  his  notes  into  something  a little  mere  securely 
bound • 

So  he  was  the  one  who  selected  the  bock? 

He  selected  it,  I don’t  believe  I get  him  the  hook. 
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Did  anybody  eist  get  him  the  book? 

I donft  knew  that. 

iCU  Blight  have  answered  this  yesterday,  but  I 
would  like  to  ask  you  to  do  sc  again  if  you  did; 


'vL'"'  wa.o  c.-.e  praciiCc  of  keeping  record  books  in 
your  division  in  raid-19  67? 

A1‘6  Practice  was  to  enter  such  data  into  the 

notebooks  as  represented  reasonably  significant 

milestones  in  the  progress  of  an  effort,  a task. 

It  was  not  the  intent  that  the  notebook  reflect 

every  miner  change,  every  note  that  a technician 

or  engineer  might  make  in  the  course  of  a daily 
activity. 

H0m»  the  ^tractions  preceding  PaRS  x of 

EXhibit  16  °a  ^ firSt  for  a statement 

describing  any  and  all  experimental  activities 

concerned  with  solving  problems,  does  it  net? 

'fes,  it  does* 

And  ooes  net  in  instruction  5 state  a ~ 

s-ate  a requirenern 

far  a record  of  the  r==nii+o  ■ 

-suits  obtained  including 

all  data  ar.d  calculations  fr-m  - „ . 

-xp^rimants,  whether 

good  or  bad? 


I LR  . I T T T T Ai  ' Q . 


I object,  th 


2 


document  speaks  for  its 3 If,  if  that  is  what 


says . 

It  does  include  that,  does  it  not? 

Yes  • 

how,  that  is  inconsistent,  is  it  net,  with  the 

pr.a.ct:„ce  ycu  just  stated  you  recall  existed  in 
1967? 

Yes. 

Did  you  ever  instruct  new  engineers  or  technician, 
with  respect  to  the  keeping  of  record  becks  at 


Sanders? 


Yes . 


D-'.d  Ycu  it  ar>ound  mid-19  67? 

More  than  likely. 

What  instructions  did  veu  v'\r*  +o 

/cu  giVe  at  that  time? 

To  keep  records  of  their  activities  such  that 
if  the  need  arose  to  use  a piece  of  eq«ipment  a,t,„ 
a period  of  tine  had  elapsed  since  it3^n_  ^ 

it  would  not  b.  necessary  to  retrace  the  ' 

circuit  to  find  out  .he,  thit  . ' 

P^C€  of  eqU ipment 

was  meant  to  do,  what 

to  ^ t0  -PPUed 

what  the  ^ve  forms  wer-  -,'n 

m certain  nlaCe~ 

In  short,  gane^aTU,  r->  " " ° 4 

11.  my  request  was  to  rule  such 


notes 


notes  as  to  make  it  clear  how  a particular  piece 
of  gear  someone  might  have  worked  on  cr*  tested  cr 
constructed  functioned  sc  that  it  wouldn’t  have  tc 
be  completely  retested. 

Dad  you  tell  them  to  include  results  of  testing  of 
equipment? 


Yes. 


Did  you  tell  them  tc  include  data  taken  durinr 


testing? 


Certainly. 


Did  you  tell  them  tc  include  all  data  taken  durine 


zesting? 


What  determined  which  data  they  were  to  include 

and  which  they  were  net  tc  include? 

As  I said,  they  were  given  the  general  instruction? 

to  pot  down  as  »uch  data  as  naesaany  to  P.coastraot 

the  functioning  cf  a piece  of  equipment.  Po„.-h- 

L 'JoSrt.DjLy 

the  sequence  of  events  that  they  took  dr 

iU4>  cCwk  down  durin- 

a .design  iob  during  d ^ ^ - t *-»  a 

b dco--n  decis«^,  but  certain!, 
no  one  was  require  to  PUt  down  every  i--*  „ 

is  like  askin'*  me  in 

tn  making  a calculation  Kit]- 

multiple  steps , tc  rut  drop 

F uCv'n  ever^  square  root  or 


certainly 
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Q. 


Q. 

A. 

Q. 


Q. 

A. 

Q. 

A, 

Q. 


extracti.cn  as  required f they  were  left  to  their 
j udgment  * 

So  it  was  left  to  their  judgment  what  would  be 
left  tc  go  into  their  notebook  and  what  would  net? 
Yes,  essentially. 

V,Tere  these  instructions  that  you  gave  oral  cr 
written? 

Oral. 

Was  any  check  made  tc  see  whether  the  instructions 
were  followed? 

Welu.,  again'  speaking  fer  ray  own  division,  we  had 
a standing  rule  that  supervisors  check  the  engineer 
notebooks  of  people  who  worked  in  their  sections 
or  departments  tc  make  reasonably  sura  that  people 
kept  adequate  notebooks.  That  is  one  of  th= 
difficult  disciplines  tc  enforce. 

Were  you  Mr,  Harrison's  supervisor? 

For  the  purpose  of  TV  game  activity,  I was. 

And  dad  you  check  his  notebook? 

Yes,  I did, 

also  made  das.lv  nct^^  r3  v.,-. 

- u-d  he  net,  at  this 

time  when  h£  was  wising  initially  cn  tv  m 

u-  • • v game 

proj  r.ct? 
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Yes. 

Daily  notes  that  included  information  that  was  not 
transcribed  into  Exhibit  16? 

Yes  . 

Were  you  familiar  with  the  information  that  he 
placed  in  these  notes? 

Yes , I Wo. s • 

Did  you  compare  his  entries  with  the  information 
on  those  notes  to  determine  whether  he  included  in 
tne  notebook  everything  which  you  thought  ought 
to  ba  there? 

Well,  I certainly  attempted  to  do  that. 

Did  you  do  that? 

Yes. 

Did  your  instructions  to  new  engineers  or  technician; 
regarding  record  books  include  the  time  when 

information  and  dates  were  to  be  entered  in  tv* 
record  books? 


I am  sure  it  did,  though  ws  were  at  tines  «•, 

^ canes  sloppy 

in  responding  to  that  requirement. 

What  was  the  requirement? 

The  dating  and  signing  of  each  pa-re  _ 

in  notebook; 

for  example,  countersigning  t , 

1 thought  that  -o  i 

° c j-s  whal 


you  asked  me 


Well*  what  was  the  requirement  with  respect  tc 
dating  and  signing? 

That  each  page  be  signed  by  the  individual  who 
executed  itt  who  Dut  the  date  on  that  page,  and 
that  the  page,  be  counter  signed  by  someone  senior 
to  him  associated  with  the  program. 

And  when  you  say  put  the  date  on  the  page,  what  do 
you  mean? 


Tne  date  that  the  work  was  done  which  was  describee 
on  the  page. 

Were  there  any  instructions  as  to  when  the  entry 

was  to  be  made  with  respect  to  when  the  work  was 
done? 

Since  most  of  these  pages  reflect  work  on  a curr- 

basis^in  fact,  our  entries  perhaps  were  made  with. 

minutes  or  hours  of  work  that  was  dene  or 

about  to  be  done,  there  was  only  a lag  of  hours 

or  minutes  between  the  entries  and  the  material 

they  cover,  so  the  date  on  the  bottom  of  the  Kre 

would  necessarily  reflect  the  work  done  on  th-t 
day. 

But  would  it  necessarily  reflect  the  aate  whan  - 
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A. 


Q. 


A. 


r\ 

y • 


entry  vras  made? 

Yes | because  the  entry  would  have  been  made 
concurrent  with  the  work  cr  very  near  the  time  that 
the  werk  was  dene.  That  is  the  purpose  of  a daily 
engineering  notebook. 

Well)  now,  an  the  case  of  Hr.  Harr i sen,  he  entered 
information  cn  separata  detached  sheets  and  then 
extracted  material  from  that  and  put  it  into 
notebook.  Exhibit  16,  did  he  not? 

Yes,  he  did. 

Dld  he  alS°  make  the  e^rie3  in  Exhibit  IS  cn  the 
GMie  day  that  he  entered  the  information  cn  hi  = 
separate  sheets  which  have  accumulated  in 
Exhibit  23? 

Upon  consideration,  I would  have  to  agre£  ~ha<- 

fiPGt  °f  311  1 dGri,t  the  exact  answer  and, 
secondly,  that  he  probably  entered  SCn?.  of  th= 

information  after  the  fact,  having  consolidat'd 

nus  notes  and  transcribed  them,  cr  = r 

* ^ sa.m.arv  cf 

them  in  acme  fashion  to  his  notebook;  Hrt  , * 

likely,  and  again  1 ara  «aV4«„ 

k 2 an  assumption  her. 
that  would  have  happened  within  a day 

actual  work  that  v ~ 

L naa  been 

*•  - U.  i.  il  l V-l  # 


c r sc  c f 4-v.  • 


3 5 


Pit 


A 

*'»  • 


* i 4 


Bui:  hr.  night  have  yp.~d<?  th-3  <snti?5..Rs  in  Exhibit  1G 
cn  s.  del  Its  different  than  the  dcitt?  that  the  pe- 
er.. hr  res  b par ? 

It  is  possible  * 

n'd  your  instructions  to  new  technicians  and 


Bnp'.n^i^rs  include  any  wj.th  r c sne ct  to  o 

he  :ii'dr  2*-n  their  notebooks? 


v-<  - -} 


O 


» taciUE  ' in  struct  lent  , as  I sr'c,  were  tc  make 


entries  of  important  data  not  all  data. 

1 i£lieve  question  was  whether  there 


wan  o.nv 


m struct ion s as  to  whan  the  information  was  tc 

b®  sntcred  into  the  record  book,  net  what  inferior- 
was  tc  be  entered? 

I can  only  say  that  the  instructions  in  ,.e-er-i 

v-ere  tc  enter  the  information  as  soon  as  it  was 

at  hand  and  of  the  type  which  they  were  instruc- 
tc  enter  in  the  bock. 

o you  remember  that  as  a sneci~c  *- 

X - v'“— ...  .lilt  Uct~  ^ 

xacit  1S  a CC3r‘m0ri  S6nse  deduction  I vrou1  1 - 

x nave  t 

make  from  the  facts. 


-o.Q 


last  ans 


•ould  you  read  th: 


war  again? 


wT ‘ 'i  't'r  -v. i _ 

^ * ---  - vie 


cut. 


answer  was  read  back 


by  tne  reporter*) 


Kaf erring  new  to  Exhibit  23,  would  you  select  Iron 
this  exhibit  those  pages  which  relate  to  work  cf 
aip*  Harrison  on  Lay  4 or  earlier?  That  is,  Lay  4, 
1967  . 

23‘1  and  23-2  are  dated  5-2-67  and  appear  to  be 
an  attempt  on  tha  part  of  Hr.  Harrison  to  give 
h^nsalf  a course  of  self- instruction  in  color 
TV  since  I presume  ha  cane  on  the  job  without 
having  had  any  color  TV  experience, 
ho  thof-a  docu.ier.ts  which  you  just  referred  tc, 

23-1  tc  23-4,  include  any  reference  to  TV  games? 

W°n8  that  1 se£t  Yes*  they  deal  with  standard 
color  TV  and  black-and-white  TV  technical  details. 
Was  Hr.  Harrison  working  on  the  TV  game  project 

at  that  time,  on  Hay  2,  *67? 

Yes,  he  was.  I assume  he  was.  On  the  3rd  of  - 

Hr.  Harrison  in  document  2 3-5  ap^ar-  i 

wo  have  made 

soma  notes  to  acquaint  himself  ,r-h  c 

-.e  i-unctionin 

of  the  Heath  Kit  16-62  generator,  specif ic&llv 

far  as  the  eolor%  generation  schema  in  th -_t 

machine  is  concerned  an/i 

* upended  to  - on  23-^ 
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rather,  he  appears  tc  have  sketched  cut  a scheme*. wj.c 
shewing  versions  of  some  cf  the  chroma  phase  shu  >- 
generation  circuits  we  discussed  here  yesterday 
and  also  shewing  the  interconnections  to  the 
Heath  Kit  in  various  places  on  this  schematic,  so 
I assume,  he  was  beginning  tc  get  into  the  background 
and  catching  up  with  what  had  been  built  and  done 
before  him  by  myself  and  by  Tremblay. 

New’,  when  you  say  done  before  him  by  you  and 
Tremblay,  do  you  mean  in  connection  with  TV  games? 
Yes. 

And  does  this  information  on  Exhibits  23-5  and 
23-6,  then,  involve  chroma  phase  shifting  as  you 
and  Hr*  Tremblay  developed  it  with  respect  to 
TV  games? 

Yes,  it  does. 

Now,  was  it, at  that  time,  an  important  part  cf  the 
TV  game  development? 

Yes,  from  all  we  saw  yesterday,  my  recollection  now 


that  we  spent  a great  deal  of  tine  learni 


ng  how 


tc  manipulate  colors  because  we  thought  that 
be  an  inexpensive  way  of  making  some  usable  <^a\es 
And  you  even,  I think,  noted  possible  hardware  for 
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varying  the  phase  shift  to  get  different  effects? 

we  went  through  that  yesterday  and  I think 
we  wili  sea  it  again. 

i'*ov*  une  <luesticn  was  with  respect  to  documents 
ln  Exhibit  23  reflecting  work  of  Mr.  Harrison  on 
cr  praor  to  May  4;  you  have  indicated  some  document 
dated  Hay  2 and  May  3,  I win  call  your  attention 
before  you  get  to  May  4 to  the  document  23-21;  new, 
that  bears  a date  of  May  3,  does  it  not,  1967? 


Yes. 


Could  you  look  .t  that  M the  ^ folloBlng 
documents,  23*22  and  13-13,  t0  dMrait>.  „het]M, 

=he  latt"  tUC  5hc“la  t«  considers  with  23-213 

MS.  WIU.IAMSI  If  y-u  know, 

Mr . Baer . 

the  WITNESS:  Ido-'- 

^ see  apy 

relationship  between  23-21  23  99  , 

^d-22  and  23-23.  t 

fact,  I don't  know  what  23-22  represents  and 
23-23  is  an  unrelated  subject  to  that  of  23_21> 

but  you  do  know  what  23-23  relates  to? 

Yes,  I do. 


Ac  long  as  we  have  it  nut  •, 

“ ic  out  f could  vc 


'CU  sta 


• tX  « ««»  4on.  1-tcr  I, 

~n  v hlG^  photo 
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c\  « 


Q. 

A. 

Q. 

A 

* ^ ♦ 

Q. 

A. 


cells  were  used  for  the  purpose  of  target  shooting, 
rifle  shooting  at  symbology  cn  the  TV  screen,  a 
spot  cn  the  TV  screen* 

rThsn  yc-u  say  work  dene  later,  how  much  later  than 
May  3? 

e have  to  wait  until  we  get  to  it,  hut  possibly 


a month  cr  two  later.  We  will 
go  through  this  exhibit. 


i-3  the  dates  * wc 


hR.  TILL  I AMS : Excuse  ms, 
there  is  a little  unclnrity  in  my  notes,  are  ycu 
referring  to  Exhibits  23-22  cr  23-23? 

THE  WITNESS:  23-23,  the  gun 

electronics . 

I believe  ycu  just  found  another  document,  23-20, 
T/hich  bears  the  data  May  3,  1967,  also? 

Yes,  we  did.,. 

Documents  23-20  and  23-21  cf  May  3 are  cut  of 
erdar  chronologically  in  Exhibit  23,  ar?  they  not? 
Yes,  they  are* 

Did  ycu  obtain  Exhibit  23  from  Mr.  Harrison? 

Yes. 

The  entire  exhibit,  the  whole  folder? 

..ell,  those  papers  an  tvst  x cider  which  or-* 


'V 
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2 


L 5 5 


L57 


158 


Q. 

A. 

Q. 


n, 


here*  So  my  assumption  is  that  he  worked  cn  that 
circuit  on  the  4th  and  made  that  change  tc  trim, 
as  ha  says  here,  trim  the  frequency  cf  the  multi- 
vibrator into  closer  correspondence  to  horizontal 
sync  * 

'.•/as  the  circuit  shown  in  the  schematic  - excuse 
me,  did  you  have  mere  to  veur  answer? 

'Jo,  sir* 

Is  any  cf  the  information  in  Exhibit  23-20  entered 
cn  pare  21  cf  Exhibit  16? 

No,  sir* 

T7ere  those  circuits  cn  Exhibit  23-20;  that  is,  the- 
ories cn  the  left  portion  of  the  exhibit,  in 
existence  prior  tc  hr.  Harrison1  s ccnir - cr^o 
the  TV  game  project  or  did  he  design  them? 

I vculd  have  tc  make  an  assumption,  ] r.  bil-p 
I believe  it  is  accurate  tc  say  that  all  work 


prior  tc  this  coning  cn  the  job  was  d 


core  using 

vacuum  tubes  and  that  wherever*  w*  c:^-,  _ 

v"“  *“-<=  appearance 

of  transistorized  circuitry,  it  is  work  that  >.« 
did* 

Then  the  circuits  shown  cn  Exhibit  23^20  — _ 

in  existence  prior  to  his  j s - r ^ - -*-i  r*t/ 

tr  J ^ -■‘•-■‘•a  w c.  A,  - :.mA  'c' 
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v‘  -.i-  conn  ext? 

Surely. 

roXSCv*  -ty* 

i-t  specific  ffaBe=3c£-i;erriecMc©Eiinr  cn* beard  ua~ 
to  create  something  which  would  he  commercially 
feasible,  which  meant  transistorized  design  for 
minimal  parts,  low  cost,  low  battery  consumption, 
w“v*  1 that  explains  why  we  start  id  right 

out  or.  day  one  paying  attention  tc  such  things  as 
cr^ctuing  horizontal  and  vertical  sync  gar.eratic- 
circuits  and  didn’t  start  or  the  cclcr  circuits 
cn  th&  vary  first  day  because  horizontal  sync  and 
vertical  sync  circuits  are  two  basic  elements  in 
a.*iy  «*•  V ^cuflG  * 

Referring  now  tc  Exhibit  23-7,  that  is  dated 
hay  4,  1967,  is  it  not? 


v — — -?  +■  -? 

let:,  -L  w _u  o • 


•»nat  is  shown  on  that  exhibit? 

That  snows  in  the  top  portion  of  the  schema"* c 

a iitwaiod  of  deriving  vertical  sync  t'-a  r n 

— Q U — cvcl 

power  line  which  is  also  shewn  cn  pavi  21  cf 
Exhibit  16.  In  the  middle  of  the  - Tr 

■ ^ i i ir « . ■ _rr  i - • 

Excuse  me,  the  portion  you  were  just  deser- b‘ ng 
in  that  portion  of  the  pa,:;  a? 


- X ' Wv/u 


pcrticn  of  the  page;, 


The  toP  third,  roughly? 

1 ~ -CP  third.  The  central  pcrticr.  cf  23-7  contains 
"T"°  schematics,  on:,  for  a horizontal  oscillator 
j-v^r  sync  generation,  a version  of  the  one  we  raw 
on  23-21.  It  alsc  shews  a method  for  combining 
sync,  vertical  sync  - nc , for  creating  a video 
s-h-^1  '.roni  vertical  sync  whose  position  on  the 
screen  is  adjustable  through  the  use  cf  100,000  ch.n 
potentiometer  shewn  on  this  schematic . And  finally 

cn  the  bottom  of  the  page  of  23-7,  a three-rasistcr 
summing  is  shewn,  which  appears  tc 

descr_.be  tiie  suiiimaticn  of  the  c utput  from  tl-e 
horizontal  oscillator  on  this  page,  the  vsrtical 
sync  generator  on  the  page,  sr.d  the  video  gating 
control  circuit  in  the  right,  center  of  the  page 
into  a composite  signal  which  was  then  applied 
to  pin  7 of  V 8 . These  are  Harrison's  nctas  here 
in  Heath  IG-62.  That  is,  it  indicates  that  this 
summing  signal,  he  calls  it  a summing  matrix  = 


applied  to  pin  7 of  V8  in  the  Heath  Kit.  And 
furthermore,  there  is  a note  on  the  verv 

^ J 1-  C tL'ii.  1 4. 

the  page  that  says  the  above  circuitry  was  asse;  bled 


dj.ifersnt  in  both  of  these  two  circuits,  aren’t 


the  v? 


^ rs  > well,  that  is  a trivial  thing. 

I o u.iere  any  ether  information  on  these  exhibits 
which  appears  cn  pare  21  cf  Exhibit  16?  Just 
23-7  and  23-21. 

None  that  I see. 

The  vertical  sync  generator  does  net  appear? 

It  dees  not  appear  on  page  21,  no. 

Was  that  vertical  sync  generator  actually  used  in 
the  construct acn  of  any  TV  gaming  apparatus? 

To  the  best  of  my  recollection,  we  did  use  it  for 
a short  while.  It  turned  cut  to  be  very  noise 
susceptible.  That  is,  power  line  noises  would 
benb  right  through  the  circuit  and  appear  in  t^e 
output  and  very  early  in  the  game  we  decided  to 
use  free-running  oscillators  to  generate  verticrl 
sync  also. 

Is. there  a vertical  sync  generator  on  pages  22, 

23  cr  24  of  Exhibit  16? 

Yes,  there  are  portions  cf  a vertical  sync 


generator  cn  page  22  ar.d  page  23  and  alp 


Are  they  similar  tc  cr  different 


PP  r>£  -r  e 2 4 


the  one 


178 


A. 


Q. 


A 


« 


0* 


o 


cLt  the  top  portion  cf  Exhibit  23-7? 

r*b-y  similar  to.  In  fact,  the  schsmatlc  on 


the 

top 

of 

p~: 

■a  23 

appears  at  f ■ 

’rst  gl--.ee  to  be 

very 

clo 

sc 

to 

that 

shown  on 

4- V,  s 

top  of  23-7  with 

4-V  a 

V-  . 

cXC.. 

Pt: 

Lcn 

that 

he  left 

off 

part  cf  the 

circuit . 

Wh«ro  did  he  laave  off  a part  of  t^o  circuit? 

He  left  off  the  power  transformer  rectifier  which 
constitutes  the  60-cycle  rectified  source  signal 
vhich  is  then  wave-shaped  by  the  subsequent  circuit. 
You  mean  the  circuit  as  shewn  at  the  tep  cf  pajo  23 
of  Exhibit  1C  is  dbuilar  to  that  at  the  tep  portion 
cf  Exhibit  23-7  except  for  omission  of  the 
transformer? 

Ri^ht,  it  appears  that  he  was  experimenting  with 
this  circuit  and  not  only  transcribed  23-7  in  the 
beck,  but  also  it  shoxr&Jthat  he  made  changes  to 
values  of  the  circuit  in  the  course  cf  testing 
it. 

And  what  changes  were  these? 

Parts  values.  It  speaks  about  them  on  pape  23. 

In  the  central  portion? 


A. 


Of  patqe  2 3 cf  Exhibit  16 
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.33 


.84 


185 


Q. 


Q. 


A. 


A. 


-i.s  another  manner  in  which  th?  sync  circuit 
o±  Exhibit  23-7  was  charged  to  that  which  is  shewn 
cri  P^oe  2 3 cf  Exhibit  16? 

iAiCfct  es  correct.  I assume  what  he  was  after  was 
stretching  the  sync  pulse  sc  that  it  would  alsc 
make  an  adequate  vertical  blanking  pulse  to  blank 
a TV  set  during  vertical  retrace. 

:*ow»  S°ing  to  Exhibit  23-8  which  is  - that  is  pa?e  2 
of  hr.  Harrison’s  notes  cf  May  4,  is  that  correct? 
That  is  correct. 


C.  And  what  is  shewn  on  Exhibit  23-8? 


A pictoral  of  a TV  screen  with  the  top  half  idantifi 
as  be^ng  - the  top  half  cf  the  screen  identified  ^ - 
b ldC k and  tne  bottom  half  being  ident"’  sd 
as  white  and  the  words  "brighter*1  and  "dimmer" 
alongside.  The  words  that  accompany  this  sketch 
refer  to  the  circuit  in  the  right,  center  cn 
23-7  which  ha  labeled  video  gating  control  or 
23-7.  And  briefly  it  is  method  for  generating 
an  unblanking  signal  which  lasts  for  son® 
portion  of  an  entire  frame  and  is  what  yen  yesterda- 
called  horizontal  split  screen.  Turning  t1  = 
hundred  thousand  ohm  control  or.  the  video  gene 
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making  these  part  value  changes# 

MR.  WELSH : This  night  be  a 
good  time  to  break  for  lunch » it  is  noon# 

(Whereupon,  the  luncheon  recess 
was  taken.) 

MR.  WILLIAMS : Wc  noticed 
this  morning  that  one  laboratory  notebook,  which 
you  examined  last  July,  X believe  it  was,  and 
subsequently  received  copies  cf  was  net  among  the 
documents  that  have  been  produced  here  todav  cr 
last  November  and  we  have  found  out  where  that 
notebook  was  and  recovered  it  and  are  producin' 
it  right  new#  And  for  the  record,  the  laboratory 
notebook  bears  book  No#  4555. 

MR,  V.ELSH : And  the  front  of 

it  also  has  William  L.  Harr  is  ion  in  ^he 

labeled  name  and  the  date  5-11-67  in  the  s-ac- 

labeled  issued.  I -would  like  to  ask  the  r 

to  nark  this  notebook  as  FxH M +■ 

* J / ■•r'pc.r 6 ntlTT 

we  don't  have  copies  all  the  irfe^m^ - Cm 
here. 


T 


. WILLIAMS:  T 


a.:?wip  m-  + 


-3  correct  because  there  £r?  entries  in  Soptcmhir  cf 
197  5 which  is  after  cur  inspection.  I understand 
from  Mr.  Baer  that  these  entries  do  net  relate 
to  television  games.  In  fact,  a great  portion 
that  bool"  does  net  relate  to  television 


and  the  newly  entered  material  on  pages  °3  through 
96  also  -does  rot  relate  to  television  games,  hut 
^ces  relate  to  other  material  included  in  that 


notches V . 


HP.  \TF.Lsn:  Alec  Trd  l’v3 


a''!:  the  reporter  to  mark  each  of  the  separate  m 


1 have  .d c ■ £. a c ttachoG  to  pc 


ges  an  Mh:.^  exhibit 


i.G.  25  followed  by  a darh_  t1'*1  r->v  c 
the  page  tc  which  the  exhibit  is  attached  erd 
that  followed  by  a letter  starting  with  A for  ^piC 
first  suca  separate  sheet  and  going  alphabetically 
tc  other  sheets  where  there  are  mere  than  o’-'s  5.°  ■f - 
the  case  cf  page  19  of  this  exhibit. 


( . ic.r eupen. 


r - " *3  i ■>.  — k*  ^ - — . ' J“ 
A U C . i!  - *.  -'-i  X 


'-'at  he.  2! 


or  identifier  *>1-.  > 


Did  you  have  a comment  to  ma):?,  Mr.  oaer,  r^cr^’-- 
tha  contents  of  this  notebook  which  has  beer,  narked 


r 

o 


A • 


<*c  Ex-hit  it  2 5? 

xTes,  the  material  starting  on  page  1 and  ending  on 
page  28  inclusive  describe  TV  gams  activity, 
uarun^  w~ th  page  31  and  *cc  th.2  end  of  t/'S  oock j 
the  material  covered  by  Aarrisen’s  notebook  de^ls 
with  ether  programs  totally  unrelated  to  the  TV  game 
business • 

ilk*  v/ELbll : Hr*  ^u’tz  tt.es 

morning  curing  a break  noticed  that  there  were  two 
otner  atoms  that  had  been  produced  and  anspected 
previously  that  were  nixed  with  some  publications 
that  were  or.  the  window  sill*  One  of  them  was 
apparently  a notebook  with  a title  on  the  ackle 
binder,  tie  title  on  the  outside  cover  (TVd) 

special  display  techniques,  W*  husoh,  1968  (FYISSS). 

I believe  copies  of  this  also  were  produced  for  us, 
were  they  net,  hr*  Williams? 

HE*  WILLI  A;  IS : I believe  so* 

*iR.  ..LLSH:  I weald  like  to  have 
the  reporter  mark  this  binder  as  Exhibit  26. 

( thereupon,  Exhibit  ho*  23 
was  marked  for  identification.) 


CO 


icuna 


LR  • WELSH : . !r  • Reitz  ciILsc 


j 


a11s  group  Ox  papers  - eff  the  record. 

(Discussion  off  the  rc-ccrd.  ) 


UR#  WELSH:  A group  cf  papers 
having  a heading  transcript  of  video  cassette 
recording  (side  B)  made  in  1967  for  deno  to 
D#  C.  Sanders,  Jr.,  and  other  senior  management 
personnel#  Thera  are  five  sheets  which  I would  iik 
to  have  marked  as  Lx hah  at  27  with  successive  pa^es 
marked  as  27-1  and  sc  on. 


(V/liereupcn,  Exhibit  Mo#  27 
was  marked  for  identification 

Referring  tc  Exhibits  23-7  and  23-8,  did  you  give 
ir.  Harrison  the  instructions  loading  tc  his 
preparation  of  the  circuit  diagrams  cn  these  nag as? 
Yes. 

What  instructions  did  you  give  him? 

To  the  best  of  my  recollection,  to  design  bread 
board  circuits  for  the  generation  of  horizontal  end 
vertical  sync  and  the  creation  of  a movable 
unblanked  pulse  to  create  a controlled  split  screen 
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0. 


A# 

0. 


A. 


image  such  as  that  shown  on  23-8  • 

Do  you  remember  giving  him  these  specific  me  ^uc 
cr  are  you  assuming  that  ycu  gave  him  those 
instructions  after  seeing  these  Exhibits  23-7  and 
23-8? 

I am  assuming  that  I gave  these  instructions. 

Do  ycu  recall  without  reference  to  his  notes  giving 
him.  instructions,  any  instructions  when  he  first 
came  to  work  on  the  TV  game  project? 

Yes,  I believe  in  thoroughly  indoctrinating  people 
in  a new  job.  I don’t  believe  in  throwing  him  in 
cold.  Furthermore  as  a-  generic  note  to  this  whole 

i 

upcoming  stack  of  papers  of  hr.  1-arriscn^  thsra. 
isn’t  a circuit  which  we  didn’t  discuss  before  it 
was  built  one  way  or  the  other  because  I stayed 
verv  close  to  the  bench  work.  So  when  ycu  ask  ns 
whether  I instructed  him  to  build  something,  although 
I cannot  remember  specifically  what  I told  him,  it 
is  more  likely  than  not  that  we  sat  c^.td  said,  maybe 
we  ought  to  try  an  emitter  couple^  t»-  flipflop  hare 
or  a bistata la  multivibrator . What  I am  trying  to 
indicate  is  that  we  went  to  that  level  of  detail  in 
describing  the  forthcoming  work. 


hi 


papers  h^re  to  see  just  hew  it  developed  • 

I don’t  recall  whether  at  that moment  I ashed  him  to 
Simply  clear,  up  and  transistorize  that  work  which 
had  preceded  his  appearance  on  the  scene  cr  whether 
We  had  in  wind  going  a step  further;  I don’t  recall 
Ilad  you  personally  had.  much  experience  with  the 
design  of  circuits  using  transistors  prior  tc  that 
tine? 


Yes,  I supervised  several  dozens  of  engineers  and 
technicians  in  the  electronic  design  department  fer 
a year  before  I became  division  manager  and  for 
ten  years  afterwards,  cf  which  two  cr  three  had 
elapsed  by  the  time  this  work  was  done* 

So  ycur  acquaintance  with  transistors  was  primarily 
supervision  of  engineers  who  worked  on  transistor 
circuits? 

I done  a small  amount  of  design  work 


incidental  to  some  work,  bench  work, 


vear 


before  the  TV  game  program, 

Xn  what  capacity? 

In  a capacity  of  a bench  engineer  part-time  v/kil^ 
I was  division  manager. 


So  this  would  have  been  around  ’64  or  T£S? 


j-  >-  might  have  been. 

You  say  a smo.ll  amount  of  design  work,  what  did 
you  work  on? 

Some  analogue  circuitry  in  connection  with  c* 
radar  altimeter.  Rather  ID5C  altimeter « 


radar  altimeter.  Rather  alt  me  u er , 

may  have  been  others,  I don’t  recall. 

Did  you  consider  yourself  as  the  result  of  tnat 
work  to  be  familiar  with  transistors  and  trans— stcr 
characteristics  so  that  you  could  design  circuits 
using  them? 

Yes. 

Was  not  your  initial  design  of  DUV’s  for  ycur 
games  in  December  cf  ’66  as  shown  on  Exhibit  9-10  a 
design  using  vacuum  tubes? 

That  is  right. 

Uhy  did  you,  if  you  knew  about  transistors,  select 
vacuum  tubas  for  that  design  instead  cf  transistors 
Because  I tried  to  save  time  by  using  portions  cf 
the  IG-6  2 Heath  Kit^  "that  is  a vacuum  tube  device, 
and  I didn’t  relish  the  idea  of  interfacing  vacuum 
tubes  and  transistor  circuits  because  they  are  net 
easily  compatible  signal  levsl-wie. 

-■  a :r>  „ Harr  is  ion  use  the  circuits  such  as  shown  c 
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Exhibits  23-7 


and  23-9  With  the  Heath  Kit  generator? 


> he  dad  because  we  noticed  that  the  schematics 
show  such  interfaces. 

°°  he  pr£par.ed  the  intarfaceg? 

Eight. 

^-e  tubes  at  the  end  of  13  6 6 and  the  beginning 
of  1967  more  expensive  than  20  cents  apiece? 

Far  more  expensive  in  the  sense  that  they  require 
much  mere  supporting  hardware  such  as  filament 
transformer 3,  high  voltage  power  supplies  and 
really  totally  impractical  for  consumer  products 
of  that  vintage. 

Wers  there  available  any  textbooks  cr  handbooks  at 
this  tine  at  the  end  of  '66  and  the  early  part  of 
*67  dealing  with  interfacing  of  transistor  circuit, 
to  vacuum  tube  circuits? 

There  nay  have  been,  none  that  I specifically 
recall • 

You  do  not  know  whether  there  were  any  at  that 


t line  ? 


Did  Mr#  I karris  on  have  experience  with  transistors 
prior  to  ths  time  in  Hay  of  '67  when  ha  was  aS?ian«, 


1 


1 


A* 


Q« 


A, 


TT-.  c h :d 


designed  and  he  proc~~d~d  i:c  derign  ■then, 


did  he  consult  any  handbooks  or  textbook 3 dualir.,- 
a trp.nsist on  circuit  uasign,  do  you  know? 

I dcn1^  June  r. 


great  coal  cf  txrac 


.»cw,  you  indicated  you  spent 
witeh  hir.  an  ais  work  and  at  his  o en.cn  curing  u:iis 
period  in  hay,  did  you  see  him  refer  tc  any 
wSX  wjjoo>\  s or  * land  i»jw  o jcs  ? 

I have  no  recollection  of  that, 

are  s£  car  curt  designs  as  siiown  on  j_iXaxj.t>at  2 3 — 7 
original  with  hr,  .Harrison? 

hr,  Welsh*  these  circuits  arc  very  standard  circuits 
in  the  circuit  design  part  except  for  the  details 
of  parts  values.  There  is  nothing  very  unique 

dDOUt  tiiCih, 

At  that  tikis*  ago. in  the  la t cer  p—rt  of  1 GC  and  early 


part  of  1967*  whan  you  say  tnase  were  standard 
circuits  * was  there  some  plo.ee  eric,  could  go  re  xin 
circuits  of  this  design? 

Yes*  certainly  basic  circu*i.s  such  iiVuluivi.cra.to 
are  textbook  ciiCU-vS  t no. t you  x_nd  m many  texts. 
And  were  tney  text boo x cncuits  c*t  tikat  tinc^  at 
"the  end  of  *66  end  early  *6/? 


G 2 


And  so  it  is  likely  if  Mr.  Harrison  had  been 
Ww^j.mg  with  transistors  previously,  he  would  have 
h»^d  chase  circuits  already  in  mind  from  that  previous 
experience?  . 

That  is  correct. 

nnd  did  the  standard  circuitry  at  that  time  include 
interfacing  between  transistor  circuits  such  as  a 
DjIV  and  the  Heath  Kit  generator? 

* MR*  WILLIAMS:  I object  to  the 

question  as  vague*  I don’t  understand  what  standard 


circuits  are, 


MR*  WELSH;  Ha  referred  tc 


the  circuit  himself,  Mr.  Williams. 

THE  WITNESS:  Well,  if  you 

mean  whether  handbooks  described  the  interconnection 
of  transistor  and  vacuum  tube  circuits,  the  answer 
has  got  tc  be  yes*  I could  not  specif ically  point 
to  the  book. 

You  did  net  work  with  any  such  books  yourself  at 
that  time? 

No,  I dndn * u * 1 hat  is  specifically  a matter  th-^t 

you  would  males  reference  to  a book  for. 
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Q* 

A. 

Q. 


Q. 


A • 


Q. 


A 

A • 


^ou  v;era  familiar  with  the  circuits,  than,  yourself? 
Yes* 

how,  hr,  Harrison's  comments  on  Exhibit  23-7  dated 
may  4,  19G7,  states,  ’’The  above,  circuitry  was 
assembled  and  made  to  operate  in  conjunction  with 
the  Heath  IG-62  as  a simple  device  with  which 
we  cculd  control  sync  and  video  of  a black-and-white 
TV.”  Did  you  actually  see  him  assemble  and  operate 
these  circuits  in  conjunction  with  the  Heath  IG-62? 
Certainly • 

Do  you  recall  that  from  your  own  memory  or  from 
reading  these:  notes  in  that  regard? 

No,  I recall  from  memory  that  that  was  the  case. 

When  I saw  it,  cn  - what  is  the  date.  May  4 or 
sometime  later  - I can't  recs.ll.  But  sometime  within 
a matter  of  days  of  the  work  being  dene,  if  not 
on  the  same  day,  I saw  that  interface  being 
controlled  by  this  circuit  and  the  circuit  we 
lifted  from  the  IG-62. 

Did  you  not  state  earlier  that  you  had  contact  with 
him  every  day  during  the  time  he  was  working  on 
this? 

That  is  right.  If  you  want  me  tc  make  an  assumption 


I 
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‘Hr.  Welsh,  I saw  it  that  day,  that  is  all  I can 
tell  you , 

Q.  Well,  did  you  state  that  earlier? 

A.  Yes. 

Q.  Do  I understand  correctly,  then,  that  you  do  not 

have  a specific  recollection  of  seeing  him  assemble 
and  operate  these  circuits  on  this  day? 

A.  No,  I do  net. 

0.  When  I said  this  day,  I meant  May  4,  1967,  the  date 

of  Exhibit  23-7;  did  you  understand  that  when  you 
answered  that  last  question? 


A • Y e s • 

Q.  Referring  now  to  page  21  cf  Exhibit  16  which  is 

in  front  of  you,  did  Mr.  Harrison  make  that  entry 
on  page  21  in  your  presence? 

A.  I don't  know  that. 

p Do  you  knew  when  he  made  the  entry? 


The  date  indicates  that  he  made  it  on  5-4-67. 

I knew  the  page  shows  that  date,  but  the  question 
is.  Do  you  know  when  Mr.  Harrison  made  the  entr  / 
cn  that  page? 


V Mr.  Harrison  puts  down  that  he  made  that  entry  on 
A \ 


5„4_67,  I have  a right  to  assume  that  he  r.a 


de  the 


en wry  cn  that  date  and  nc  other*  date. 

h'-U  assume  that  because  that  date  appeals  cn 
uji.-re. , he  made  that  entry  on  that  date? 

That  is  right. 

And  you  do  not  have  any  personal  knowledge  that  he 
made  the  entry  on  that  date? 

Tne.  only  way  I could  gain  that  personal  knowledge 
as  to  hover  over  him  every  minute  of  the  day  and 
watch  ham  wrate,  whiah  is  obviously  not  realistic. 
Sc  you  do  net  have  personal  knowledge  that  mad.* 
that  entry  cn  that  date? 

hot  by  personal  observation  of  the  act  of  *-rr r> r- 

w ^ » 

Dc  you  have  personal  knowledge  by  any  other-  moans? 

hr.  Welsh , x said  a minute  ago  hr*  karri  sen  c-? 

the  p«ag-  and  hs  signed  the  page  because  that  is  th  - 

date  on  which  he  me  da  the  entry*  You  may  havQ  - 

relationship  of  trust*  There  is  nc  raas^r  ~t'  ? 

world  why  that  entry  should  have  bean  made  cn  on-, 

o wiiOr  day  other  uhan  che  date  he  put  down . 

ir  ur  c nerjuOP  e 9 X signed  a.  t uriusr  tie  headin'"  ~ ■f 

witness  and  understood  at  the  bottom  of  -fv-v 

c-ie  a 

day  later. 

T.*e  date  that  appears  after  your  signature  io 


lay  5,  19  67? 


That  is  correct . 


And  chat  is  a day  later  than  the  date  May  4,  19  67, 


which  appears  after  hr.  Harrison’s  signature? 


That  is  right* 


You  stated  you  signed  that  a day  later,  do  you 


recall  specifically  placing  your  signature  and 


that  dc*te  on  that  page  on  Hay  5,  1967,  or  are  you 


assuming  from  seeing  the  date  on  the  page  that  that 


is  the  date  on  which  you  placed  your  signature  and 


the  date? 


I am  assuming  it,  naturally,  I can’t  refrain  from 


making  the  same  comment;  when  I date  a page,  I dc 


it  on  the  calendar  day  and.  net  some  otner  day. 


(Whereupon,  a recess  was 


taken . ) 


Now,  when  you  state  that  you  date  it  on  the 
calendar  day  and  net  some  other  day,  what  do  you 
mean  by  the  calendar  day? 


The  calendar  day  was  generally  accepted  to  be  that 
day  cf  the  week  and  that  day  of  the  month  on  that 
particular  day. 


C7 


Q. 


A. 

Q. 


A. 


Q. 

A 0 

0. 


A • 
Q. 


A. 

0. 


A. 

Q. 


3o  you  mean  "the  day  on  which  you  actually  signed 
and  placed  the  date  was  the  date? 

Yes,  sin. 

Nor,  in  this  very  same  book,  in  the  first  four 
pages  your  signature  appears  with  the  date  1 Septembe 
’66,  does  it  not? 

Yes,  it  dees. 

New*  you  did  net  place  your  signature  on  those 
pages  on  1 September,  *66? 

No,  I did  not. 

You  placed  them  on  there  sometime,  I believe  you 
stated,  in  May  of  1967? 

When  the  book  was  first  started,  right. 

Is  it  possible  that  the  book  was  started  at  even 
a later  date  than  May  of  1967? 

No,  s ar  • 

Now,  on  pages  5 through  8 of  Exhibit  16  veu  also 
signed  your  name  and  placed  the  dates  11  February, 

» 07 , cr  12  February,  *67,  did  you  not? 

Yes. 

You  also  placed  your  signature  and  those  dates  or. 
these  p^ges  later  and  at  the  same  time  that  you 
signed  and  dated  pages  1 through  4,  did  you  net? 


transcription  of  handwr  it  ten  material  I had 
prepared  on  these  dates,  but  certainly  those  pages 
were  handwritten  by  Harrison  at  a much  later  date; 
namely,  in  May  of  *67. 

I believe  the  practice  we  were  discussing  was  that 
before  you  signed  a page,  ycu  read  the  maternal  on 


That  is  right. 

Are  ycu  saying  ycu  did  net  fellow  that  procedure 
v/ith  respect  to  pages  1 through  S? 

Yes , because  it  is  an  unusual  situation  in  that 
he  for  ccr.venience  sake  copied  out  in  his  ovm 
handwriting  stuff  that  I had  generated  months 
before  and  for  some  damn  reason  T put  the  same  date 
as  that  of  the  original  documents  on  the  bottom 


here, 


Also  I believe  my  question  was  with  respect  to 


the  pages 


following  page  21  rather  than  any  pages 


preceding 


I believe,  Mr.  Welsh,  ycu  asked  me  whether  there 
had  bean  any  deviation  fron  that  practice  ft] levin 


rjarrP 


21  and  I answered  that  by  saying  that  th- 


V7ere  deviat: 


page  21  and  I h^d  net 


-r:cr  to 


nr.:,  oh  ?d  answer  * X b-  l i^v0  ^ tc  bo  ^t  ® h 

riy  rec o 1 1 a c 1 5. c n there  ohculd  he  r*c  further  maternal 


ur  hors  on  r'^,Xc^'  "^h^rc  ■?  p p 


— ?.  71  T ■ 1 


ich  th  e o.t on  d r r d 


oroccdur o h - ?n 1 t b~. ~n  follow *fd  . 


A — A r -V  r 


standard  procedure  are  ycu  ref  err  4 ng 


sirning  of  tl  s none  ar.d  dote  on  the  da-*f 


" - 7 " 2 


calendar  cat.  cf  that  day  at  the  bottom  or  tep  of 


thr  pa^e* 

How  about  the  procedure  sr 


reading  the  material 


or.  the  p: 


■re  prior  tc  signing  your  name  to  the 


pay--? 


X don't  understand  z1-  - . (]u?stic.: . 


Did  ycu  ev 


,;r  s:yn  your  name  on  any  of  the  pa  yes 


following  pa: 


•£  21  without  first  reading  the  ma- 


or.  that  paye . 


he*  sar. 


VJerc  there  any  times  when  you  were  in  a hurry, 

and  just  scanned  the  pa  ye  quickly  rather 

than  reading  at  care^Uxly? 

ri j env  that  is  a fair  assumption. 

I-  -t  likely  that  happened  mere  times  than  in  did 


i 


7 


r\  , 


Q. 


Q- 


A • 

Q. 

A. 

Q. 


A. 


Nell,  it  is  likely  to  have  happened  on  occasion 
s imply  bec&use  I was  very  familiar  with  the  material 
being  put  in  the  book  in  the  first  place. 

During  this  period  of  : 'ay -June -July  of  1967,  were 
you  ax. -ay  iron  your  office  for  any  extended  per 


^~icds? 


A.  I don’t  recollect  the  traveling  I did  in  those  days, 


Were  there  any  tines  when  you  were  away  for  a few 
days  and  then  returned  and  reviewed  what  Mr.  Harrises 
had  done? 

It  is  possible;  I don’t  remember. 

Did  you  over  do  that  and  the 


in  sign  these 


pages  u s mg 
the  same  data  that  Mr.  Harrison  had  put  on? 

No*  there  would  be  no  reason  to. 

Is  there  any  doubt  that  you  fully  understood  what 
was  on  each  of  these  pages  prior  to  the  time  you 
signed  it? 

No,  sir. 

New,  referring  to  Exhibit  23,  would  you  select  freru 
those  exhibits  those  pages  which  relate  tc  work 
wbych  Hr.  Harrison  did  prior  to  Hay  15,  1337? 

No  some  of  these  pages  are  undated  and  in  responr: 
tc  tYiis  request,  if  y^u  find  it  helpful  tc  refer 
to  Exhibit  16,  please  dc  sc. 
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All  right,  sir. 

± b--va  you  some  guidance,  I am  just  trying  to 
i-rciCe  her  a what  happened  from  day  to  day  - this 
appears  to  be  a fairly  full  period  of  work  with 
notas  in  different  places  - and  I?d  like  tc  ask 
if  perhaps  we  could  handle  it  th5_s  way,  tc  go 
chronologically  either  from  the  notebook  Exhibit  16, 
or  to  the  pertinent  pages  of  Exhibit  2 3 which  you 
appear  to  have  selected?  Could  we  have  the  numbers 
cf  the  pages  of  Exhibit  2 3 which  you  have  selected 
in  response  tc  my  request? 

Yes,  23-9,  13  through  21* 

Now  $ after  Hay  4,  which  I believe  was  the  date 
of  Exhibits  23-7,  8 and  10,  as  well  as  the  date 
of  page  21  of  Exhibit  16,  the  next  date  of  these 
documents , pages  of  the  record  bock,  is  M y S, 

1967,  on  page  22.  Starting  there,  cculd  you  tell 
us  what  was  being  acne  by  Mr.  Harrison  referring 
to  that  page  in  any  of  the  other  documents  from 
Exhibit  23  which  ycu  have  selected? 

On  22  of  Document  16,  Mr.  Harrison  shews  a 

circuit  and  describes  what  it  does.  The  circuit 
is  a gated  delay  multivibrator  whose  purpose  was 
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<-o  create  the  split  field  we  discussed  earlier  in 
connection  with  23-8.  23-10  appears  tc  be  a sketch 

of  the  same  circuit  with  somewhat  different 
values  that  were  subsequently  crossed  cut. 

Now,  Exhibit  23-10  also  bears  the  date  of  May  4, 
1967,  does  it  net? 

That  is  right. 

If  I may  interrupt  you,  you  stated  that  some  values 
that  were  in  the  diagram  on  page  22  of  Exhibit  16 
had  been  crossed  out? 

No,  in  rereading  it,  Mr.  Welsh,  I find  that  that 
is  incorrect.  Schematically,  the  two  circuits  are 
identical,  but  looking  at  the  values  and  looking 
at  tha  heading  now,  the  schematic  shown  on 
23-10  is^l5  KC#  one -shot. 


That  is  at  tha  top  portion  cf  the  pa^e? 

TJ  • no+  a vertical  delay  multivibrator . It  is 

i\  d-t,  ill-, 

exactly  tha  same  circuit,  but  different  part 

Tt  misled  me.  Sc  23-10  has  no  relation 
to  page  22  of  Exhibit  16. 

I do  notice,  however,  on  page  22  of  Exhibit  IS  that 

there  ha..  »«=»  vUu«  of  cf 

-he  Circuit  which  have  bun  crcscr-  cut  ac.S  other 
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A. 


0 


V • 


A. 

Q. 


values  substituted,  is  that  correct? 

T -t.  • 

XJhat  -S  c:-rect. 

Ho  you  knew  who  enter s.d  the  values,  crossed  them  out 


and 

than  enter 

ad 

ot 

:hers? 

A • 

hr. 

Harrison. 

Q. 

Do 

you  knew  wh 

en 

tl 

iat  was  done? 

A. 

In 

t^e  course 

cf 

the.  be nc h wo r k 

wh 

ich  he 

das 

crihos  cn  t 

V : 

3 c 

me  page.  Ir. 

fact. 

he  d c 

scr 

Has 

the 

t duty  factor 

t 

■7 ere  too  sh^r 

t and 

-f-  V.  - V 

Uni  - i i 

e w 

ill 

try 

• for  other 

duty 

factors,  whi 

ch  i s 

a verb 

el 

way 

of 

M 

saving  I an  g 

c ing  to  c hinge 

sene  cf  the 

cr 

• w r.  r r.  ir c 

r.fh  ■ 

ch  he  dad • 

Q. 

Whe 

,re  did  you. 

fi 

nd 

that? 

A • 

To 

the  right  of 

th 

e sc  t ic  *_ 

r.  pay.: 

t 22. 

lie 

says 

it 

V 

W7G  * 

11  try  far 

20 

P 

ercent  to  30 

pare..: 

"it  duti 

■ factor , 

and  then  follows  sene  numbers  that  are  representative 
cf  an  actual  tine  period  for  vertical  field.  3os» 

calculations  cf  RC  tine  constants. 

Do  you  knew  whether  those  chants  were  indicated 

,*  na„e  b”  having  son-  values  crossed  out  at 

on  tr.ee  c 

the  tins  that  you  signed  your  nan;  to  the  r-a-r? 


W 


Tna 


„ itPca 3 conclusion,  hr.  . 

t is  a 1g£»j-uc*j. 

:.t  ths  next  pu~e,  »o . 2 ^ o 


* e 


11, 


I no  t- 


^Cc 


- tV,  •?  f-'  V ’ Q 
W • • 1 1-  i i 


EXiir_bit  16,  bears  “the  date  I lay  3,  1967, 
t 'T’ee  days  later  than  pa^s  22  and  yet  that  there  a? 
another  exhibit,  23-9,  prepared  by  Hr.  liar  risen 
bearing  the  date  May  7,  1967  } would  that  not  indicate 
that  Mr,  Harris  on  was  wording  on  this  project  on 
May  7 between  the  dates  of  May  5 and  May  8 and 
therefore  - would  it  net  indicate  that? 


Yes,  indeed ♦ 

And  would  it  not  be  possible,  then,  that  ha  might 


have  made  these  changes  on  page  22  subsequent  to 
May  5? 

It  is  possible  that  cn  occasion  because  a circuit 


doesn't  function  correctly  seme  parts  were  changed 
and  the  technician  or  engineer  might  reach  into 
earlier  pages  and  change  it  so  that  in  the  future 
he  wouldn't  have  misleading  information  there, 


that  is  possible . 

D-d  y0ur  instructions  with  respect  to  entering  data 

in  record  boohs}  that  is,  those  instructions  you 

„,ve  tc  new  enfiineers  cr  technicians  who  came  tc 

. ,-n  v0ur  division,  include  any  with  respect  tc 

worjc  m ^ 

i „ oMn?e s on  nreviouely  entered  information? 

making  ^ 

Via  soecifically  discouraged  it,  hut  it  does  happen. 


*■ 


7 6 


Q. 


A • 


Q • 


A. 


Q* 


A* 

Q. 

A. 

Q. 

A. 


A • 


! - _ _ • 

a 7 ln- tructions  given  as  to  what  to  do  in  the 
event  a change  was  made? 

" ° * ^te  tic  change  or  indicate  it  was  a revision* 
i /hat  was  the  use  tc  which  the  DMV  shown  on  page  22 
cf  exhibit  16  was  intended  tc  be  put? 
xo  create  a vertical  split  field. 

T am  sorry , you  answered  that  earlier* 

Yes. 

And  was  that  circuit  subsequently  used  for  that 
Durpcse ? 

Yes*  it  was. 

In  answering  the  question,  did  you  refer  to  any 
other  document? 

Yes , I did,  I looked  at  16  — 31A  dated  5 — IS  — 67,  v.Thich 
is  an  overall  schematic  incorporating  these  circuits 
vie.  have  just  discussed  and  seme  others, 

And  the  circuit  that  we  just  discussed,  was  that 
shown  on  page  22  of  Exhibit  16  which  was  a gated 
,tjV  to  create  the  splat  field  oi  Exhibit  2 3-8,  is 

hat  correct? 


D 


That  is  correct. 

Where  on  Exhibit  16-31A  does  tb~t  g^ted  jhY  appear? 
To  the  left  of  center  and  roughly  center  with  r~- 
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0. 


A. 


0. 


A 

* • 


A. 


n 

■ . 


to  the  vertical  under  the  heading  V-PDYV,  which 
Stands  for  vertical  pulsedelay  multivibrator, 

Lould  v/e  proceed  new  to  - strike  that.  Are  any 
cf  the  circuits  on  page  21  of  Exhibit  16  present 
in  the  schematic  diagram  16-31A? 

Yes,  the  uppermost  of  the  tv;o  schematics  showing 
the  method  cf  deriving  vertical  sync  from  a power 
line  reappears  on  1G-31  on  the  left-hand  side  center 
with  sene  modifications. 

Of  what  nature  are  the  medif icaticns , changes  in 


>n  “*< 


the  element  values? 

Also  changes  in  the  manner  in  which  he  develop 
a sharp  short  rise  time  trigger  from,  the  GO -cycle 
sina  wave  across  the  transformer  secondary. 

Does  the  other  circuit  cf  page  21  of  Exhibit  1G 

appear  in  Exhibit  16-31A? 

^ • +.•?«  +he  horizontal  oscillator  shewn  cn 

l es  9 — - w 

1S-31A  at  the  top  cf  the  p-ha  somewhat  tc  the  left 
of  center-  labeled  15,735  horizontal  oscillator. 
That  circuit  is  also  the  saue  as  that  shown  on 


oo_ol  „ 


„ ^rr-'-r  to  the  drarir.t  apair.  1C-31A  and  E;sh:M.t 
there  are  differences,  an,  there  net,  between  the 


r r 


’-'oe.iij.ators? 

* the  later  schematic;  that  is,  16-31A,  shows 


<=*•  whach  is  labeled  3 megohms,  trlrn^ hi 6 31Ar 

■A  A 


■ - C:  was  evidently  used  to  trim  the  fr  equency 
clc s --.r  _c  the  desired  15,73  5 cycles,  and  there  is 
c-.lso  a manor  difference  5.n  the  valu^  of  the  ccupl?ln 
capacitor  at  the  output  of  the  horizontal  oscillate 
And  hew  about  the  types  cf  transistors? 

You  are  right,  he  changed  from  2N718  *s  tc  two 

TT  2 9 0 7 f s because  somewhere  during  the  week  he  must 

have  decided  to  work  with  - - - Oh,  I ses,  evfdsnt 


Do  you  know  why  he  needed  an  inverted  outpir 


voltage? 


t o -<-Ti''iip  that  tnw  re 

X Ci.  O >3  Uj-‘C  i--* 


ice  go.t  wmch  was  designed 

several  days  - i-  - — Sc~  - k— ---  — — - - -at 

- r». ->•  1 1 • ■ h ^eVv.ral  KCdifiCucxCia  a.,  a evc.n  „ually  -v/c nr.d 
• )XV  U£3  1 

n at  a design  wita  a p-.c_._vw  ^ .put  and 


J' 


rs  on; 


(Whereupon,  the  prsvic 
answer  was  read  back 
by  the  reporter.) 


-s  P£-Se  26  indies  te  arv  — r.  - 

— — any  c rang as  cf  that  c i ^ 

o V " ♦ 

^ A ' ic-  - - s shewn  on  Exhib it  2^-9^ 

1,0 * -t  ^csrdt  appear  to. 


cu:  t 


A J W-l.,  - • , - 

J-Gt  as  the  sane  as  the 


one  on  23-10  as 


indicated? 


Yes.  In  fact,  it  becomes  clear  in  looking  at 

t 

23-10  what  happened.  There  are  the  words  «lAeed 
gating  circuit"  in  Harrison’s  hardwr- t-n-r  , 

- Aio  a*A. 

^4:id t e J * So  I assume  what  he  did  s ha v ir.  ^ 

expressed  the  need,  he  proceeded  to  quicklv  s?- etc>- 

an  and  gate  as  shewn  on  2 3-10  and  then  proceed  -- 

build  that  and -gate  and  proceed*  to  use  it-  -r.d 

together  with  the  summing  amp  which  he  dreh-n-  . • 

° - -oncu  an 


the  interim,  and  then  recorded  both  the  s 


e nonet-* 


q i the  and- gcite  SiiU  uhc  in  trerconnactacn  to  ■4-,,--3 

summing  anp  three  days  later  on  23-9  on  the  7-w 


And  did  lie  not  tv  o days  It.  tar  c-  ‘ay  0 antar  tha 
-•  nf oruaticn  on  pa-~?.  2f  of  ExI-.-.Mt  16? 


Yen,  in  addition  tc  that,  on  that  pa  ye,  ‘t.  ;;£isv 


0. 

A. 

0. 

A. 

Q • 
A* 


o 


ae  added  the  schematic  of  the  summer  that  also 
appears  on  23-9. 

-^hat  is  at  the  bottom  half  of  that  page  2C? 

Yes,  s ir . 

-hio.t  dees  the  retrace  gate  or  what  did  it  do? 

It  produced  a split  screen. 

By  itself? 

Let  me  be  careful  and  make  sure  that  I answer  that 
correctly.  No,  net  by  itself,  in  conjunction  v:ith 
the  vertical  pulse  delay  multivibrator,  which 
we  identified  previously  on  16-31A  and  on  page  22 
of  Exhibit  IS*  I believe  I just  found  a still 
earlier  schematic  of  that  same  pulse  delay 
multivibrator,  23-20,  dated  5-3-67  which  shews 
an  earlier  and  somewhat  different  version  of  a 
vertical  pulse  delay  multivibrator.  I think  it  would 
have  he  be  paired  up  with  23—21  of  the  same  date 
on  which  a horizontal  wStillE  *-or  is  shown  which 
we  already  identified  as  reappearing  in  18-31A  at 
the  top  of  the  page. 

that  appeared  on  page  21  of  Exhibit  16  at  tv- 

bottom,  did  it  net? 

+ is  correct,  it  is  there  also. 


<-  i • 


Is  the  te: 


"retrace  gate"  a common  tern? 


it  at  that  time? 


ic,  but  it  make 


g sense  because  it  describes 


circuit  function 


wherein  you  take  a pulse  lasting 


essentially  for  the  duration  of  the  retrace  period 


and  use  it  as  a gatii 


o-  -Jig  signal. 


Gating  for  unblanking? 

for  unblanking  cr  some  other  function.  In  this 


case,  fer  unblinking . 

Is  that  a horizontal  or  vertical 
that  ycu  were  talking  about? 


retrace  puli 


A horizontal,  Well*  let  me  have  a minute,  I am 
trying  to  read  this  schematic  to  see  just  what 
happened.  I understand  it  now*  In  order  to 
write  a succession  cf  horizontal  scan  lines  which 
are  unbla.nk.sd  vjith  respect  to  a section  of  th  = 


sere 


an,  an  earlier  section  of  the  screen  that  v?a 


not  unblankad,  it  is  necessary  that  individual 

im- 
pulses the  duration  of  the  horizontal  sweep  ti. . 


be  generated  starting  at  a time  with  resp< 
vertical  sync  when  screen  wap  desired 


ct  to 


to  chcn-( 


fre-m  oa 


ark  to  light.  Therefore,  the.  circuit 


33 


Q. 


o. 


Harrison  built 


used  horizontal  sync  or*  if  you  will, 
"h:ch  is  also  the  horizon*1 


zcntul  sync  peric 

time  and 

used  tha 

logically 

and ing 

to  the  output  ox  the 
vertical  pulse  delay  multivibrator.  The  output  of 
tott  and  £ate  than  has  the  characteristics  which 
I just  dsuerh- 


:<=a  as  being  necessary  for  a succession 
go  pulses  intended  to  unblank  a part  of  the  screen . 
*3° that  answer  ycur  nu  stic n? 

* ' ^ — * tn  par  l * X belrev e you  said  the  ferizonto  1 
sync  period  was  the  same  as  horizontal  retrace  tine? 
Yes  • 

Dcesnft  the  hcrazcntal  sync  per red  include  the 
retrace  t ime ? 

Ho,  strictly  speaking,  horizontal  sync  is  somethin^ 

' *6 

that  as  transma  aed  — • — In  a norms.!  IV  c y ^ t er ’ 
the  horizontal  sync  pulse  lasts  only  a short 
duration  as  spell ad  cut  by  sens  industry  standard 
X think  a nacre  second  or  something j whereas } th- 
horizontal  sync  retrace  period  is  generally 


of  the  cr 


cr  of  five  or  six  microseconds  cr  tan 
percent  of  the  forward  trace  ’C iMc  and  in  a func4*-’ 


of  TV  display  sweep  c_i  cu_.t  cc.  iponar.ts  such  i 


y^k c dnd  th* 


Reflection  circuit:.  So,  in  this 


CciSe  * tc  £°  back  to  your  initial  question,  is  the 
retrace  gate  a common  denominator,  I would  say  it 
not  a common  denominator  and  it  is  stretching 
whing s ct  1 attic  to  call  horizontal  sync  pulse  a 

cTuGS  z-^o-wc# 


break  f 


or  a minute? 


'•fk.  WELSH:  Could  we  take  a 


(Whereupon,  a recess 


Wu  L >_«_ 


ken. ) 


I don't  believe  my  question  compared  a horizontal 
sync  pulse  period  with  horizontal  retrace  time, 
but  rather  the  horizontal  sync  period  which  would 
be  the  time  between  the  horizontal  sync  pulses* 

I misunderstood  you*  To  me,  horizontal  sync  period 
means  the  period  during  which  horizontal  sync  itsal- 
lasts , not  the  interpulse  period;  that  is,  the 
period  between  two  successive  horizontal  pulses. 


that 


the  basis  cf  cur  misunderstand in: * 


There  are  ether  components  of  schematic  of 
Exhibit  16-31A,  are  thc.ro  not,  which  we  have  n< 
discussed  thus  far? 


* 


l~oks  like,  appears  to  be  experimental  work  don?  on 
--ie  phase  shifter  circuit.  On  to  23-17,  mere  cf 
v'"ie  sarr‘e  some  detailed  Calculations  of  voltages 

o.nd  currents.  Finally  cn  to  2 3-18  which  shews  the 
overall  system  of  horizontal  and  vertical  sync 
^enerat— on.  Vertical  delay  multivibrator,  pulsating 
circuits,  ail  combined  with  the  coD.or  generation 
circuitry  which  appears  cn  23-18  in  the  upper  right- 
hand  corner  and  describes  a U-shaped  path  going 
fron  left  to  right  at  first  and  then  from  right  to 
left  below.  And  that  appears  to  be  the  same  circu'^ 
as  that  shown  in  23-13  and  also  in  document 


exhibit  16,  page  29.  On  that  page,  three  da* 


on  the  12th  cf  May,  he  recorded  the  - son?  data -‘3^. 
cf  the  phase  shifter  itself  which  are  identical  t0 
those  cf  23-16.  He  also  shews  the  gating  circu* 
required  tc  produce  a chroma  signal  whic^  ic  g- r 

to  that  shown  cn  2 3-3.6  and  2 3-1?  except  for  +-pe 
omission  of  a driver  amplifier  which  was  added 


well 9 st  laej 


<— v-»o  -i  n r — 


riQ  - -* \ -4-V,  - v . _ 

w ce  cotton  of 


23-16  :n 


snail  ecksn^-c  near  t^s  hettem  e 


+- ^ 


i reeppears  an  ..  -1^,  - ..  i~  circuit 


1=  ~ -18C 


0 . 


A » 


A. 


Q. 


C - 

- - • 


Q. 

A. 

Q. 

A. 

Q • 


go.'tu  J-*  ^ 1 


°-  -a*  in  ia-alA  under4  the  head: 

driver  ♦ 


CO 


I notice  Exhibits  23-13  h.ouj.  23-13  ere 

& u'~-^a-v-d  together,  did  you  staple  tho o 3 togeth'ir? 
I G3s Uaii c sc;  I don’t  i\ collect  specifically. 

Ox  that  group,  only  the  first  peps , 23-13,  has  a 


ect  — o , (a c wD  at  no 1 2 


A-  - _ , . _•  _ 1 . j_ 

,l,llU  * J-S  ^->-5hw« 

And  that  date  is  Hay  3,  136  7? 


Tiwfc  is  right* 

*^w , do  I understand  correctly  that  the  informal:' 

in  that  group  of  papers  which  relates  to  the 

bo  u 041  pcrti.cn  of  the  schematic  , 16  — 31A  was  rpp  -r  1 - j 

0 x.  k-Wi-  ecu 

on  page  23  of  Exhibit  1G? 

Two  cf  the  circuits  which  are  part  cf  ir.nM  - 

t'  w A — o on  appear 

on  29,  pope  29. 

One  cf  the 2«  ic  the  color  gate  die q e driver 
Exhibit  1G-31A? 

That  is  right. 

And  is  that  in  the  lower  right  portion  of  pa^e  2o 
of  Exhibit  16? 

Ho,  the  lo^cr  lctt  portion . 

Tha  lower  lex  t pcrt-.cn? 


A • 


V • 


A. 


Q. 


Q. 


A. 


y • 

A « 

Q. 

A. 

Q. 


And  wTiCfc't  is  the  por-^io 


C'*Jj'd  y°u  i>c'^r—  out  whera  t>.«  pits’,  snifter 
"l£’  or‘  Exhibit  13-31A? 

At  tha  center  near  the  bottom  of  the  - t-  -■  =- 

...a  oont»;„in3  th«  2JD13  transistor-  and  a 

aaocnd  ur.idar.tif iad  transistor  ris-vt  in  th.  »iddla 
of  the  paqe. 

or  'the  circuitry  to  the 

left  of  that? 

An  oscillator  * A crystal  oscillator  running  at  a 
frequency  close  to  the  customary  chroma  frequency 
cf  a color  TV  system,  3.59  megacycles. 

A*id  tac.1.  is  similar  to  what  is  shewn  cn  23—13? 

Yes  and  also  Exhibit  16,  page  27. 

how,  the  phase  shifter  of  16-31A  is  shown  in 
23-16,  dc  I have  that  correct,  in  tha  center** 

Yes,  that  is  right,  in  tha  center  to 

- cn 

23-16. 

Is  that  also  shown  on  any  of  tha  pages  of  Exh'b't 


Yes. 


Where  .*.*3  1 1 w ; 

On  page  20,  the  top  schematic. 
Now,  what  is  shown  on  23-17? 


■ ■ 


’aII©  pert''  r-i  -F  -L.-1 

Ci"e  circuit  which  shifts  ths  cutpu' 


of  th 


’e  c-a  cu--t  irop  reference  chrome:  signal 
wc  a phc-.se.  shifted  chroma  signal. 

Vhc  output  cf  what  circuit? 

Of  the  chroma  circuit  or  the  chroma  oscillator 
circuit. 

■joes  _hat  portion  of  ths  circuit  on  23-17  have  a 
name  by  itself? 

hot  or.  23-17,  but  only  by  inference  to  16-31A  where 
wa  describe  the  circuit  as  being  driven  by  a 
color  gate  driver  and  down  below  identifying  the 
two  switching  diodes  as  the  color  gate  and  the 
reference  gate  diode  respectively.  i ^ assurrm- 
that  we  call  that  vrhole.  circuit  the  color  gate 
because  that  is  really  its  function. 

And  that  is  feund  at  the  bottom, left  portion  oe 
page  20  of  Exhibit  16,  is  it  net? 

That  is  right. 

New,  Exhibits  23-14  through  23-19  do  not  have  an„ 


Now 


dc.'fss  cn  tham  , do  they? 

No,  they  do  note 

But  do  I understand  correctly  that  most  of  the 
circuits  shown  or.  those  pages  ware  ultimately  a 


I 


90 


a • 
Q* 

A. 

Q. 

A. 

Q. 

A. 

Q. 


0 


A • 


part  of  the  schematic  of  Exhibit  1G-31A? 
xnax  xs  correct. 

Arc  any  of  the  --.po. . „ - 

persons  of  the  schematic  cf 

hxhrbit  is—  n a _ 

incorporated  in  Exhibit  2 4? 

No,  sir* 

circuits  of  the  schematic  of  Exhibit  16-31A 
ever  built? 


Yes  • 


Wa®  the  entire  apparatus  of  1G-31A  ever  built? 
Yes. 

I 3 that  apparatus  available  here? 

I believe  we  will  find  that  the  apparatus  which 
is  labeled  No.  2 with  a piece  of  masking  tape  at 
the  other  corner  of  this  room  either  has  sone  cr 
mest  or  all  of  this  circuitry  in  it  and  I WCuld 
have  to  look  at  it  to  check  that  cut. 

Would  you  do  that  at  this  time,  please? 
Certainly* 

MR.  WELSH:  May  we  firs1- 
this  marked  as  Exhibit  28? 


(Whereupon,  Exhib-'4-  ’ - 

u 4 • . 


28 


.cr 


■ lc^--r  . ) 


THE  WITNESS*  Looking  at  the 

t>OttOm  of  *4-y.  ~ , , 

'* J c*iassis  that  comprises  this  unit, 

C'  series  of  small  subbread  boards  which 
hold  ^o^Gchsr  by  solder  and  are  interconnected. 
One  Cf  wiese  is  rapidly  identifiable  as  the  chroma 
oscillator  by  its  crystal^ trimmer  capacitor  and 
associated  transistor  and  other,  relevant  parts. 

he  summer  shown  in  16-31A  as  an  hCA  3015  integrated 
circuit  is  c.lsc  on  that  subchassis  right  here  ir 
the  .upper  right-hand  corner  from  where  I ej.i  looker- 
(Indicating)  In  the  center  portion  more  of  the 
entire  - - - 

Ho,  I am  sorry , I am  talking  about  this  rubcircuit 

% 

board  which  contains  the  chroma  oscillator, 

smmer  and  I would  guess  the  color  pate*  XTn 

° • » 

the  phase  shifter,  and  here  is  the  phase  sh-f-*- 
part  over  on  this  side  which  is  the  control 
identified  as  delta  phi  or  delta  phase,  which  * «? 


r inu  ^ - 


O 1 S'  Y"i 

„C-  V- V-  a-  ^ - 


.n 

the  lower 

cer. 

ter 

portion  cf 

o 

tliS  small 

j. 

ad 

beard  asset. 

u. 

connected 

LO 

.*  a. 

by  s cider*. 

to  a nd  r o i 

or  e 

nee 

<j  a - e diode 

tlcno 


T -a  'S30ci.»cd  20, COO  ohm  w 

rig  ^ 7 ~*C  res 


“-•-Stc 


n o 


SC  I assunia  nr'-  , 

u one  ci  cacse  transistors  must 

"‘;-'C  GOlcr  vc-  rWn-Ttr^v,  v.  _ , ... 


knew  whether 


^ driver*  Yes,  here  it  is.  I donTt 
y°u  would  like  me  to  proceed  with 


:his? 


c‘11  1 would  like  tc  ki 


now  is  whether  the 


C^cu  - eleucnLS  of  Exhibit  16-31A  were  constructed 
ar.u  put  into  s.  complete  apparatus?  I believe  you 
s-:atea  they  were  and  I asked  ycu  if  that  apparatus 
were  available  and  you  indicated  this  ancaratu-. 


S*Ca  t € 


apparatus . 


il0w9  was  just  the  apparatus  shown  in  16-31A  ever 
constructed  by  itself  without  additional  parts? 

Yes,  it  was.  Hr.  Welsh. 

that  is  net  what  ws  have  here  as  Exhibit  28,  though 


is  it? 


Me,  it  is  net,  it  is  part  of  Exhibit  28. 

Would  it  be  a correct  statement  that  the  apoa-na^u- 
of  1G-31A  was  built  as  an  entire  apparatus  -+-i 
later  was  broken  down  and  portions  of  it  wer*^ 
incorporated  into  Exhibit  28? 

That  would  be  correct. 

When  was  the  apparatus  of  - just  the  apparatus  Cf 
Exhibit  16-3 1 A constructed? 


It  appea 


r s from  what  v.c  have  just  nor. 


e through  -w- 


9 3 


1-pptr.ed  in  th-3  period  betweer 

1987  . 


en  5-3  and  5-15  cf 


And  I flight  call 


your  attention  to  a note  on  the 


top  of  pare  32  ip  Exbih-i-*-  u - • . 

1 'jXuini-  15  which  says  - I am 

sorry*  on  th®  -r^  /■>  -p  _ _ _ 

u ~ t J-  P-^e  33  dated  5-18  which  sa^s, 

ROte  -~rst  contest  played."  And  bslow  that  has 

a description  in  hr.  Harrison's  handwriting  to  the 

- -Cl  '-hat  — words  are  underlined  - that  th®  f-'”c+ 

contest  was  played  between  R.  H.  Baer  and  w.  Harris*: 

Now,  there  appears  on  that  page  in  the  upper  right - 

iiu.nd  corner  tne  wsrds  "note  first  content  T'li*rA^ 1 

Who  »-.TOte  that  note  there  ? 

I did . 

‘•/hen  was  that  note  written? 

I assume  a number  of  years  later  to  fla<*  that  r,.=  cr0 

" C~2  v-' 

and  make  it  easy  to  get  back  to  the  page  where  we 


Does  that 


could  find  data  on  the  first  contest  played. 

Does  that  note  and  also  the  corresponding  note  of 
Hr.  Harrison  as  to  the  first  contest  being  played 
indicate  that  the  apparatus,  the  construction  cf 
the  apparatus  of  Exhiriw  1S-31A  was  complete  on 

-that  date? 

That  indicates  that.  It  also  indicates  that  some 


f Exhibit  16-31A  was  complete  cn 


04 


Q 

A, 

Q. 

A, 


tional  cleuints  were  built  and  used  to  play 
■tnat  game. 

lhat  13  elements  in  addition  to  - - - 
Elements  in  addition  tc  those  cn  1G-31A. 

What  game  was  that? 

It  was  a pumping  game.  if  you  will  refer  to  ga;;e  34 
Cf  Zxnr.bet  le,  in  the  upper  right-hand  corner  it 
sh^*s  a pictorial  of  a bucket  cn  a TV  screen.  It 
--Iso  sho^-s  a dashed  line  going  about  halfway 
horizontally  through  the  bucket  and  the  words 
"..aif  rull"  may  ba  visible  tc  you  there.  Tc  tv* 
i e -t  wf  uhat  picture  is  shorn  a pictorial  cf  -+-r * — 
pu  s n but 4 or.  swi  k»ch - s mounted  cn  a su^p^rt  v—  — ^ n*~- 
below  that  a schematic  cf  hew  these  push  b u ^ ~ r 
switches  were  interconnected . The  object  of  +ve 
gane  was  for  two  players  tc  push  the  button* 
repeatedly  and  rapidly  so  as  to  charge  up  a 
capacitor  connected  tc  the  arm  cf  each  cf 

critchss.  The  vcltigcs  so  generated  wa«  a 

tee  ether  and  applied  tc  the  delay  multi'/i^- 


» A 


:n  1 


6 - 3 1 A , th-  center  c*  tie  ;;  Tc  ,.CVc  t. 


■Hr  screen  line  cf  division  ut  or  dewr. 

' ‘ - - was 


split  sc 


^u-.cticn  of  who  pumped 


- ~ you  v. er.t  r.->- 


95 


:h3  screen 


T f 'f-'U  -y~  • 

~ --s  ttcre  as  to  hew  the  game  was  played* 

J- - s 9 .}\z.T<r.  as*  An  cverlav  was  used  or.  "the  screen 

whack  shewed  that  bucket  we  p laterally  shovj  on  page  3^ 
which  I believa  s.  cutout.  A.  silhouette  of  a 
bucks u was  cut  out  from  an  cpacue  piece  cf  paper  sc 
that  vcu  could  s-e  the  level  cf  the.  unblanked  north  or. 
c t th°  raster  through  the  opening  and  t?cu 
pumped,  that  lev:_l  which  appeared  tc  be  a water 
level  in  the  bucket  moved  either  u^  or  down  or 
tv - bucket  effectively  cither  f n lied  or  emptied  as 
a function  of  who  pumped  fastest;  and  I wouldn’t 
he  surprised  if  the  overlay  wasn’t  in  this  room 


«7  VI  f TN 


lace,  t 


T:That  TV  rot  was  u s e d in  the  playing  of  that  ^ane0 
•^he  color  TV  set  I referred  to  because  T distinctly 


0r>  that  t'°  used  blue  fillir 


y>  J-V  . 


bucket . 


.,h,rs  or.  the  DMV  cf  Exhibit  16-31-v  t*»? 


3:  tile  3 


_ r eamac ~ tor s » d 1 ich  ware  a 3 s z c i , t a 


button  swi. 'CCllS  s , a 


C - 


d? 


You  cculd 


thi.at  juC at  clearly  hey  re; 


par,e  32  d 


2 q r the  exhibit,  th  3 bet  ten  right**ft^nd 


^ interconnect icn* 
icrner  sn—  - - " 


P -.r^i  xx  - 


ox  XiXJiibit  1E-31A  appears  a 


*-  ^ circle? 


— lea  Jin 


tc  a in  the  3IIV* 


'.fiC-t  ccrrcct? 


hG  j it  dosisn*'^ 


tns  schematic  or.  payfe  3%  ycu  notice  that  the 
Vwxu^c  -Lj-'-a  lus  two  capacitors  is  suauaed  through 

***  •»  «*  » *™>  *1»»  or,  oppj 

tc  xhu  hot xovi  end  of  tha  hundred  thousand  ohm 

potent icueter  which  is  the  same  hundred  t>an=,--i 


upr-ar  to  be.  if  you  lock  a.sain 


a'*r‘le  hundred  thousand 


0hai  Pct  “PP*aring  or.  16-31A  in  the  delayed  multi 


vibrator , 


xixgnt,  and  tha  connection  iron  tha  point  A 

the  bo x ton  cuu  o±  t*io  hundred  thousand  ofriu  r-as's4* 

dons  at  nct»  an  exhibit  1; -31a? 


1*0  e u Ocs. 


all  it  the  top  end,  the  hot  end.  it  is  th 


top  and.  ih-  signal  xeance  o,:  tne  A,  I don't  hr.c-- 
If  it  will  help,  *i  • WXlsh,  x.  you  lofted  t]  c 
~ff  the  hundr  ed  thousand  omn  pot  on  1G-31A  ar.d 
connected  that  end  which  I chose  tc  call  th3  tCp 
the  bottom  end  of  the  pet  tc  thosf  two 
resistors  E3  and  K4  or.  pa/e  32  of  Exhibit  13,  ycu 


7 


i 


set  what  T - - • L, 

^ mean  wa  th  respcc'c  tc 


point  A net 


oein.i  rel 


»=Vo.nt  to  that  interconnection  • 


rjj'«  WELSH:  Off  the  record  • 


(Dis 


cuosion  off  the  record.) 


Y°U  hGV3  indicated  thtt  the  voltages  from  the 

c-p-o.Lu,ia  associated  wfth  the  pushbutton  switches 
is  applied  to  the  point  the  delay  multivibrator 
as  shown  in  the  lower  right  portion  of  page  32  cf 
exhibit  16  which  in  the  corresponding  circuit  of 
Exhibit  16-31A  would  ha  the  end  of  the  100  ohm 
resistor  opposite  to  the  end  which  is  indicated  v?it’ 
tii©  letter  A m a circle  and  a connect-' cn  ■JUc  i ■<- 

w-k-  -L  *•  , 1 S 

theft  correct? 

Yes,  except  that  you  said  100  ohms  and  it  is 
a hundred  thousand  ohms. 

I am  sorry,  a hundred  thousand  ohms. 


Yes. 


Is  that  correct,  then,  with  that  change? 


So  that  this  connection  indicated  by  the  letter 


in  a circxu 


actually  was  net  there  and 


srreneousi) 


slv  on  Exhibit  16  — 31. \? 


appears 


•^vmmmrrnm  m -*m  ■ 


Yes*  Mr.  Weish. 

1^‘J't'PT’  An-*--.  • T 

H -■ 11  a circle  and  the  connection  adjacent 
to  wt.re  added  at  some  time  later  than  the 


date 

of  May  15, 

19G7 

It  appears  that 

way . 

Now, 

I baliave 

vou  i 

Own.r  change  indicated  on  this  drawing  with  respect 
wO  cAc  crystal  oscillator,  is  that  correct? 

That  is  correct, 

r.ould  you  state  what  that  was? 
dell,  it  appears  that  I questioned  whether  the 
schematic  was  drawn  right  with  respect  to  where  the 
output  of  the  crystal  oscillator  was  taken.  In  th* 

schematic,  the  output  is  taken  fron  the  h i n 

of  the  tank  circuit  and  I appear  to  have  question  1 
whether  it  wasn^t  taken  from  a capacitive  t- p ~ 
the  tank  for  impedance  matching  purposes. 

Did  you  cross  out  or  place  an  "X"  through 
capacitor  with  a value  of  130  pico-farads0 

Yes,  becausi  had  the  output  fron  the  tank  been 

r 

derived  from  a capacitive  divide/,  tvire  would 
r.c  need  for  that  capacitor. 

And  after  you  placed  an  over  that  capacitor 


did  you  than  di 


aw  the  otlrr  cc nncctz.cn  above 


PClnt  between  the  two  capecitcrs  in  tha  tank 


circuit? 


~ ~ * s~r  5 I added  the 


jecond  - - - I am 


* X -cued  tha  second  capacitor  in  pencil  to 
show  that  the  tank  might  have  been  tapped  capacitive!; 
and  that  the  output  might  have  been  taken  from  the 


junction  of  these  tv 


:vo  capacitors. 


Wnan  did  veu  question  this  part  of  the  drawing? 
- den  u recollect  except  that  I recognize,  my 


handwriting . 


Was  it  sometime  after  the  drawing  was  made  dc 
you  recall? 

It  must  have  boon,  but  I don’t  recall. 

Do  you  recall  whether  it  was  in  connection  v-^h 


'/cur 


review  cf  the  development  of  the  TV 


pro gram? 

I don’t  recall,  tut  I would  assume  that  v- « 

. . . -r 

"f-s  wait  “jusu  • -.U-,  , -l  _ a see.  \ - -s  — v _ 

■**  J — 1 ' ^ u.  CJ 

equip;.; -nt  hers  reflects  tl.s  schtBitic  a?  it 


^ - r c 


her.  cd  it  £t.d  tV.t  oujht  to  ?ir.  i*  r-c._ 


'j^o  inspect' or.  cf  t e -ctu^l  hardv’are  o'  ---- 


the  tar 


_ ..-i  connection  w7  :c'u  X penciled 


u ln  : - actus  *»  i ■ 


>T^, 

' *-*  * 

Exhibit  25 
Exhibit  26 
Exhibit  27 
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